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STRETCH BLOW MOLDED CONTAINER 
AND PRODUCTION PROCESS THEREOF 

FIELD OF THE INVENTION 

The present invention relates to a stretch blow molded 
container formed from a thermoplastic resin material com- 
prising polyglycolic acid, and more particularly to a stretch 
blow molded container (stretched and oriented hollow 
container) having excellent degradability in soil, high barrier 
properties (carbon dioxide barrier property and oxygen 
barrier property), high modulus-high strength, high heat 
resistance and high water vapor resistance, and a production 
process thereof. The stretch blow molded container accord- 
ing to the present invention can be used as containers for, for 
example, carbonated drinks, cooling drinks, seasonings, 
edible oils, fruit juices, alcoholic drinks, detergents and 
cosmetics, making good use of the above -described various 
properties. 

BACKGROUND OF THE INVENTION 

In recent years, increase in plastic waste has become a 
great social problem. Since many of polymeric materials 
have hitherto been developed and produced in search of high 
performance and long-term stability, they are not easily 
decomposed in a natural environment. Therefore, how to 
dispose and manage a large quantity of plastic waste which 
has become useless becomes a social problem on a world- 
wide scale. Of the plastic waste, hollow containers formed 
from a variety of synthetic resins, such as poiyolefin resins 
such as polyethylene and polypropylene, polyester resins 
such as polyethylene terephthalate (PET), and polyvinyl 
chloride resins become a special problem because they are 
bulky. 

Under the circumstances, biodegradable polymers, which 
are degraded by natural microorganisms, attract attention as 
polymeric materials which impose no burden on the envi- 
ronment. The biodegradability can be evaluated by, for 
example, a degradability test in soil (soil degradability test). 
Since plastic hollow containers such as PET bottles are 
required to have, for example, good barrier properties, 
toughness, heat resistance, melt processability and 
profitability, however, any plastic hollow container, which 
fully satisfies these requirements and exhibits 
biodegradability, has not been yet obtained. 

More specifically, hollow containers making use of the 
conventional biodegradable plastics involve the following 
problems. For example, hollow containers based on starch 
are unsatisfactory in water resistance, barrier properties, 
mechanical properties, heat resistance and mildew resistance 
and involve a problem that such a plastic material is difficult 
to melt-process, so that its processing cost becomes high. 
Hollow containers based on cellulose are unsatisfactory in 
barrier properties to oxygen and carbon dioxide and 
mechanical properties and involve a problem that such a 
plastic material is difficult to melt-process, so that its pro- 
cessing cost becomes high. Hollow containers based on a 
microorganism -produced polyester are unsatisfactory in bar- 
rier properties to oxygen and carbon dioxide and mechanical 
strength and involve a problem that their production cost is 
very high. Hollow containers based on a synthetic type 
polyester such as a polysuccinate (Japanese Patent Applica- 
tion Laid-Open No. 172425/1995) are unsatisfactory in 
barrier properties to oxygen and carbon dioxide, mechanical 
strength and heat resistance and involve a problem that 
succinic acid and butanediol, which are raw materials for the 
polyester, are considerably expensive. 
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Hollow containers based on polylactic acid, which is a 
semi -synthetic type polyester, are unsatisfactory in barrier 
properties to oxygen and carbon dioxide and mechanical 
strength. Since L-lactic acid, which is an optically active 

5 substance used as a raw material, is required to have a high 
purity, the hollow containers must be produced through 
fermentation of a biological process, and there is hence a 
limit to their production at low cost. Further, since polylactic 
acid has a high glass transition temper ature, Tg, it also 

10 involves a problem that it is difficult to compost under 
ordinary composting conditions. 

Biodegradable containers making use of a lactic acid 
polymer have recently been proposed (Japanese Patent 
Application Laid-Open No. 23828/1994). As a specific 
example thereof, a hollow container based on a lactic 
acid-polyglycolic acid (weight ratio=»50:50) copolymer is 
disclosed (Example 6). However, the copolymer containing 
a lactic acid component in such a great amount generally 
loses crystallizability and becomes an amorphous polymer 
having a glass transition temperature, Tg of about 30^-50° C, 
so that the copolymer involves a problem that it is brittle, 
low in mechanical strength and extremely low in barrier 
properties to carbon dioxide and oxygen and heat resistance. 

A biodegradable bottle for drippings obtained by molding 
polylactic acid or a copolymer of lactic acid and glycolic 
acid in accordance with a blow molding process has been 
proposed (Japanese Patent Application Laid-Open No. 
278785/1994). The bottle for drippings is a small-sized 
hollow container generally having an internal volume of 5 
ml or smaller and is used as a small-lot packaging container 
for edible seasonings such as soy, sauce, drippings for 
spitchcock and buckwheat noodle, and liquid spices. In this 
publication, pellets of a lactic acid-glycolic acid copolymer, 
which are obtained by melting an artificial fibrous cloth for 
a synthetic absorbent, tissue substitute ("VICRYL MESH", 
trade name) produced by Johnson & Johnson Medical Co. at 
about 200° C. in an extruder into a strand and chopping the 
strand are used as the copolymer of lactic acid and glycolic 
acid (Example 1). The lactic acid-glycolic acid copolymer 
used in this example has a melt viscosity as low as about 300 
Pa s (at a shear rale of 100/sec). Therefore, it is difficult to 
apply such a copolymer to usual extrusion blow molding to 
mold it due to too hard drawdown of its melt though it can 
be formed into small containers such as bottles for drippings. 
This publication describes the fact that blow molding was 
conducted at a resin temperature of about 175° C. Even 
when a parison is blow- molded at such a high resin 
temperature, only a substantially non -oriented, extrusion 
blow molded container which scarcely undergoes molecular 
orientation can be obtained. Such a non-oriented, extrusion 
blow molded container has poor barrier properties and heat 
resistance. Besides, such hollow containers of medium size 
(about 25 ml) or greater become insufficient in mechanical 
properties. 

55 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is an object of the present invention to cheaply provide 
50 a plastic hollow container, which has high barrier properties 
to carbon dioxide and oxygen and excellent mechanical 
properties, heat resistance and resistance to water vapor 
transmission and exhibits high degradability in soil. 

The present inventors have carried out an extensive 
65 investigation with a view toward overcoming the above- 
described problems involved in the prior art. As a result, it 
has been found that a stretch blow molded container formed 
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from a thermoplastic resin material comprising polyglycolic 
acid having specific physical properties exhibits high 
degradability in soil, has high barrier properties, excellent 
toughness, heat resistance and resistance to water vapor 
transmission and sufficient physical properties to replace 
plastic hollow containers which have heretofore become a 
problem among plastic waste, and can be produced at a 
relatively low price. 

The polyglycolic acid can be obtained, for example, by 
heating glycolide (i.e., a dimeric cyclic ester of glycolic 
acid) in the presence of a catalyst (for example, a cationic 
catalyst such as a tin organic carboxylate, tin halide or 
antimony halide), thereby subjecting it to bulk ring-opening 
polymerization or solution ring-opening polymerization. In 
order to obtain polyglycolic acid having excellent physical 
properties, it is preferable to use high-purity glycolide as a 
monomer. The high-purity glycolide can be obtained with 
good productivity by a process in which an oligomer of 
glycolic acid is mixed with a high-boiling polar organic 
solvent, the mixture is heated under ordinary pressure or 
reduced pressure to a temperature at which depolymeriza- 
tion of the oligomer occurs, thereby depolymerizing the 
oligomer in a stale that the oligomer forms a solution phase, 
glycolide formed is distilled out together with the high- 
boiling polar organic solvent, and the glycolide is recovered 
from the distillate. 

An example of a process for producing a stretch blow 
molded container from the polyglycolic acid includes a 
process in which the polyglycolic acid alone or a composi- 
tion containing the polyglycolic acid is pelletized, the pellets 
thus obtained are charged into an injection molding machine 
or extruder to form a preform, and the preform is subjected 
to stretch blow molding. In the formation of the preform, it 
is important to injection-mold or extrude the polyglycolic 
acid or the composition thereof at a resin temperature 
controlled to the melting point, Tm of the polyglycolic acid 
to 255° C. In the blow molding, the preform is stretched at 
a draw ratio higher than one time but not higher than 10 
times and a resin temperature of (the glass transition 
temperature, Tg of the polyglycolic acid+70° C.) or lower in 
a machine direction by means of a stretching rod or the like 
and simultaneously or successively blown up at a blow-up 
ratio of 1.5-10 into a hollow container. The thus-obtained 
hollow container is optionally heat set. 

The polyglycolic acid can be industrially mass-produced 
by using extremely cheep raw materials of CO, H 2 0 and 
CH 2 0 or ethylene glycol. Since the stretch blow molded 
container according to the present invention has high 
degradability in soil, it scarcely imposes burden on the 
environment. 

The present invention has been led to completion on the 
basis of these findings. 

According to the present invention, there is thus provided 
a stretch blow molded container formed from a thermoplas- 
tic resin material which comprises polyglycolic acid having 

(a) a repeating unit represented by the following formula 
(1): 



1 



O — CH 2 -C 



r 



(i) 



(b) a melt viscosity, t|* [as measured at a temperature of 
(the melting point, Tm of the polymer+20° C.) and a shear 
rate of 100/sec] of 500-100,000 Pa s; 
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(c) a melting point, Tm of at least 180° C; 

(d) a melt enthalpy, AHm of at least 20 J/g; and 

(e) a density of at least 1.50 g/cm 3 as measured in an 
unoriented, crystallized form, 

wherein the stretch blow molded container has tensile 
strength (in a circumferential direction) of at least 100 MPa 
and a carbon dioxide permeability (as measured at a tem- 
perature of 23° C. and 80% relative humidity; in terms of the 
thickness of 50 /«n) of 300 cc/m 2 day-atm or smaller at the 
body sidewall thereof. 

According to the present invention, there is also provided 
a process for producing a stretch blow molded container, 
comprising the steps of forming or molding a thermoplastic 
resin material which comprises polyglycolic acid having 

(a) a repeating unit represented by the following formula 
(1): 



1 



O — CH 2 ~ 



ir 



(i) 



(b) a melt viscosity, r\* [as measured at a temperature of 
(the melting point, Tm of the polymer+20° C.) and a shear 
rate of 100/sec] of 500-100,000 Pa s; 

(c) a melting point, Tm of at least 180° C; 

(d) a melt enthalpy, AHm of at least 20 J/g; and 

(e) a density of at least 1.50 g/cm 3 as measured in an 
unoriented, crystallized form, at a resin temperature of from 
the melting point, Tm to 255° C. into a preform; stretching 
the preform at a draw ratio higher than one time but not 
higher than 10 times and a resin temperature of (the glass 
transition temperature, Tg of the polyglycolic acid+70° C.) 
or lower in a machine direction; simultaneously or succes- 
sively blowing up the preform at a blow-up ratio of 1.5-10 
into a hollow container; and optionally heat setting the 
thus-obtained hollow container for 1 second to 30 minutes at 
a temperature ranging from the crystallization temperature, 
Tc 1 of the polyglycolic acid to (Tm+10° C). 

Among the stretch blow molded containers according to 
the present invention, a stretch blow molded container 
having a carbon dioxide permeability (as measured at a 
temperature of 23° C. and 80% relative humidity; in terms 
of the thickness of 50 jum) of 300 cc/m 2 day atm or smaller 
and an oxygen permeability (as measured at a temperature of 
23° C. and 80% relative humidity; in terms of the thickness 
of 50 fim) of 150 cc/m2-dayatm or smaller and/or a water 
vapor permeability (as measured at a temperature of 40° C. 
and 90% relative humidity; in terms of the thickness of 50 
ftm) of 100 g/m 2 day or smaller at the body sidewall thereof 
may replace the conventional hollow containers such as 
polyester hollow containers, polyvinyl chloride hollow 
containers, multi-layer polyamide hollow containers and 
multi-layer ethylene -vinyl alcohol copolymer hollow con- 
tainers and may be suitable for use as containers for, for 
example, carbonated drinks, alcoholic drinks, cooling 
drinks, seasonings and edible oils. 

Among the stretch blow molded containers according to 
the present invention, a stretch blow molded container 
having a heat shrinkage (as measured at 130° C. for 10 
minutes) of at most 30% at the body sidewall thereof may 
replace the conventional hollow containers of which high 
heat resistance is required. 

Among the stretch blow molded containers according to 
the present invention, a stretch blow molded container 
having a tensile modulus (in a circumferential direction) of 
at least 3.0 GPa at the body sidewall thereof may be 



6,001,439 

5 6 

provided as a hollow container reduced in weight per unit 

area, thereby permitting the provision of a low-cost con- (4) 
tainer. Since the conventional hollow containers formed of 
a lactic acid polymer use L-lactic acid, which is a high- 
purity, optically active substance obtained by fermentation 5 
of a biological process, there is a limit to reduction in cost 
even if they are mass-produced. On the other hand, the 

polyglycohc acid used in the present invention uses gly- . _ , _ . , 

colide which can be mass-produced as a high-purity product ^" em R > a ° d R * "? f dependendy a hydrogen atom or an 
, . . , , , »U to alkyl group having 1-10 carbon atoms, and k is 2-10, a 

by "a u^v^^yimm process (Japanese ^ ^ represented by the following formula (5): 
Patent Application No. 48000/1996) developed by the y 6 * J 5 w 

present inventors without using any biological process, and 
so low-cost production is feasible. 



r 

0-fc4rC- 

I II 

R 2 O J 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 



TO — CH 2 -CH 2 -CH 2 -0— CH- 



(5) 



and a repeating unit represented by the following formula 
(6): 

The present invention will hereinafter be described in 20 _f©_cH 2 — O— CH 2 — CH 2 j- (6) 

When these repeating units are introduced in a proportion 
of at least 1 wt. %, the melting point, Tm of the glycolic acid 
Structure of Polymer homopolymer can be lowered. When the melting point, Tm 

can be lowered, the processing temperature of the polymer 
The polyglycolic acid useful in the practice of the present 25 can be lowered, whereby thermal decomposition upon melt 
invention is a polymer having a repeating unit represented processing can be reduced. 20 Besides, the crystallization 
by the following formula (1): rate of the polyglycolic acid can also be controlled by the 

copolymerization to improve its extrudability and stretch- 
(l) ability. On the other hand, if the proportion of these repeat- 

_c-o CH2 _ c j_ 30 ing units (2) to (6) exceeds 30 wt. %, there is a possibility 

|| that 25 the crystallizability inherent in the polyglycolic acid 

L o J may be impaired. 

Physical Properties of Polymer 
<Molecular weight — melt viscosity> 

^ - . . .... 35 The polyglycolic acid used as a raw mate rial for he stretch 

The proportion of the repeating unit represented by the , , ij j * • ^ * • 

c i /i\ ■ *i_ i ■ ii *i m \* nt blow molded contamer according to the present invention is 

formula (1) in the polymer is generally at least 70 wt. %, ... , . . , . , m. i. ■ r*u 

c tl t0 « : « r i_i ™ nr ic 4 i_ a high-molecular weight polymer. The melt viscosity of the 

preferably at least 80 wt. %, more preferably 90 wt. %. If the , & . j • i . ■ i • u. m. 

r / f(L . # j. .« r , polymer can be used as an index to its molecular weight. The 

proportion of the repeatmg unit represented by the formula r , , ,. . . 4 . *■ u 

>-v . . 4l _ ^ % *i_ ■ h' Ti 4 polyglycolic acid used in the present mvention has a melt 

( } f , ° W K r .^ 1 i • \J f ? P< f 1 -l £ C « viscosity, n * of 500-100,000 Pa s, preferably 1,000-50,000 
crystalhzabuity inherent ,n the polyglycohc acid may be p more ' ferabl lj50 0-20,000 Pa s as measured at a 

impaired, and so the barrier properties to oxygen and carbon „ t err nno s> \ ,> . t j 

r ' 4 . -i j i j * temperature of (Tm +20 C.) (i.e., a temperature correspond- 

dioxide, tensile strength, tensile modulus and resistance to \. , v l4 : v 5 \ L 

, . . . , * .I. u- i 1 1 . . , mg to a usual melt-processing temperature) and a shear rate 

heat shrinkage of the resulting stretch blow molded con- of 100/sec 

tainer may be markedly deteriorated. „ T r.. ' 1# . * <? . u 11 r -j • 1 

J 3 45 If the melt viscosity, T|* of the polyglycolic acid is lower 

As examples of other repeating units than the repeating than 500 Pa s > there is a PossibiHty that a melt of the polymer 
unit represented by the formula (1), may be mentioned a mav undergo drawdown, difficulties may be encountered 
repeating unit represented by the following formula (2): u P° n stretching and orientation, or its degree of crystailinity 

may be lowered when the polymer is melt-molded into a 
50 stretch blow molded container, or the resulting stretch blow 

To— f cn ho c— (-CH -fa-cl molded container may become insufficient in mechanical 

2 || 2 || T" strength and hence liable to be broken. If the melt viscosity, 

o oj tj* of the polyglycolic acid exceeds 100,000 Pa s on the 

other hand, its melt processing requires a higher 
55 temperature, and there is a possibility that the polyglycolic 

, . a ' n in •* acid may undergo heat deterioration upon the processing at 

wherein n is 1-10, and m is 0-10, a repeating unit repre- ^ ' ratu ~ r r © 

sented by the following formula (3): ^ \ n '. 

7 to v ' <Thermal Properties> 

The melting point, Tm of the polyglycolic acid useful in 

™ 60 the practice of the present invention is at least 180° C, 

To-- f?"i" preferably at least 200° C, more preferably at least 210° C. 

(CH2) H o J The use of the polyglycohc acid having a higher Tm permits 

1 the provision of a stretch blow molded container having 

excellent barrier properties, mechanical properties and heat 
65 resistance. The melt enthalpy, AHm of the polyglycolic acid 
wherein j is 1-10, a repeating unit represented by the used in the present invention is at least 20 J/g, preferably at 
following formula (4): least 30 J/g, more preferably at least 40 J/g. 
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Polyglycolic acid having a Tm lower than 180° C and/or 
a AHm smaller than 20 J/g is considered to be such that its 
degree of crystallinity is lowered due to the disorder of its 
intramolecular chemical structure, and consequently the Tm 
and/or AHm may be lowered. Accordingly, a stretch blow 5 
molded container formed from such a polyglycolic acid has 
a possibility that the barrier properties may be lowered, or 
the tensile strength and tensile modulus may be insufficient, 
and the heat resistance may also be insufficient. The melt 
crystallization enthalpy, AHmc of the polyglycolic acid used 10 
in the present invention is preferably at least 10 J/g, more 
preferably at least 20 J/g, most preferably at least 30 J/g. 
<Density> 

The polyglycolic acid used in the present invention has a 
density of at least 1.50 g/cm 3 , preferably 1.51 g/cm 3 , more 15 
preferably 1.52 g/cm 3 as measured in an unoriented, crys- 
tallized form. Polyglycolic acid having density lower than 
1.50 g/cm 3 is considered to be such that its degree of 
crystallinity is lowered due to the disorder of its intramo- 
lecular chemical structure, and consequently the density 20 
may be lowered. Accordingly, a stretch blow molded con- 
tainer formed from such a low-density polyglycolic acid has 
a possibility that the degree of crystallinity may be low, and 
the barrier properties, tensile strength, tensile modulus and 
heat resistance may be insufficient. 25 
General Properties of Stretch Blow Molded Container 
<Degradability in Soil> 

The stretch blow molded container according to the 
present invention is a soil-degradable molded product which 
scarcely imposes burden on the environment. More 30 
specifically, when the stretch blow molded container formed 
of the polyglycolic acid according to the present invention is 
buried at the depth of 10 cm under the ground, it is degraded 
within generally 24 months, preferably 12 months to lose its 
original form. For example, the conventional hollow con- 35 
tainers formed of polylactic acid involve a problem that 
since the glass transition temperature, Tg of polylactic acid 
is too high, it is difficult to compost the hollow containers 
under ordinary conditions. On the other hand, the stretch 
blow molded container according to the present invention is 40 
formed from the polyglycolic acid the Tg of which is not 
very high, so that it is possible to compost it under ordinary 
conditions. 
<Transparency> 

The stretch blow molded container according to the 45 
present invention is substantially colorless and has high 
transparency and an extremely low haze when an inorganic 
filler is not added or added in only a small amount. 
<Tensile Strength> 

The stretch blow molded container according to the 50 
present invention requires that the molecular chain of the 
polymer at the body sidewall thereof be sufficiently oriented 
by stretching upon the stretch blow molding. If the orien- 
tation of the molecular chain by stretching is insufficient, the 
degree of crystallinity of the polymer becomes low upon the 55 
stretch blow molding, so that harmful coarse spherulites are 
formed, and the resulting stretch blow molded container 
insufficiently develops barrier properties, mechanical prop- 
erties and heat resistance. 

The tensile strength value of the stretch blow molded 60 
container at the body sidewall thereof can be used as an 
index to the degree of stretching and orientation of the 
stretch blow molded container. According to the present 
invention, a stretch blow molded container having an inter- 
nal volume of generally at least about 25 ml, preferably at 65 
least about 50 ml can be obtained. The stretch blow molded 
container according to the present invention has tensile 
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strength of at least 100 MPa, preferably 150 MPa, more 
preferably 200 MPa in a circumferential direction 
(transverse direction) at the body sidewall thereof and hence 
has a high degree of orientation. If the tensile strength is 
lower than 100 MPa, the orientation of the molecular chain 
in the stretch blow molded container becomes insufficient, 
and so its barrier properties, toughness and heat resistance 
become insufficient. 

In order to obtain a stretch blow molded container having 
tensile strength (in a circumferential direction) of at least 
100 MPa at the body sidewall thereof, it is preferable to blow 
up a preform formed from the thermoplastic resin material 
comprising the polyglycolic acid at a resin temperature of 
(Tg+70° C.) or lower to stretch and orient the preform in 
such a manner that a blow-up ratio (a ratio of the diameter 
of the resulting container to the diameter of the preform) is 
at least 1.5. If the resin temperature exceeds (Tg+70° C), the 
motion of the molecular chain in the polymer becomes too 
hard, and there is hence a possibility that a state of orien- 
tation by stretching may be immediately relaxed even when 
stretch blow molding is conducted, and so the orientation 
may be extinguished or reduced to a great extent. The 
blow-up ratio is generally 1.5-10, preferably 1.8-9, more 
preferably 2.0-8. If the blow-up ratio is lower than 1.5, the 
orientation of the molecular chain becomes insufficient, so 
that there is a possibility that the degree of crystallinity of 
the polymer may be insufficient, and the formation of 
harmful coarse spherulites may hence be brought, resulting 
in a stretch blow molded container which cannot exhibit 
sufficient tensile strength and also has insufficient barrier 
properties, heat resistance and transparency. 
<Barrier Properties> 

According to the present invention, there can be provided 
a stretch blow molded container having high oxygen and 
carbon dioxide barrier properties. The stretch blow molded 
container according to the present invention has an oxygen 
permeability (as measured at a temperature of 23° C. and 
80% relative humidity; in terms of the thickness of 50 pm) 
of generally 150 cc/m 2 dayatm or smaller, preferably 50 
cc/m 2 dayatm or smaller, more preferably 20 cc/m 2 dayatm 
or smaller at the body sidewall thereof. The stretch blow 
molded container according to the present invention has a 
carbon dioxide permeability (as measured at a temperature 
of 23° C. and 80% relative humidity; in terms of the 
thickness of 50 /*m) of generally 300 cc/m 2 dayatm or 
smaller, preferably 100 cc/m 2 day atm or smaller, more 
preferably 30 cc/m 2 day atm or smaller at the body sidewall 
thereof. As described above, the present invention can 
provide a stretch blow molded container having high barrier 
properties to oxygen and carbon dioxide. The stretch blow 
molded container according to the present invention has 
good water vapor resistance as demonstrated by its water 
vapor permeability (as measured at a temperature of 40° C. 
and 90% relative humidity; in terms of the thickness of 50 
/im) of generally 100 g/m 2 day or smaller, preferably 50 
g/m 2 -day or smaller, more preferably 30 g/m 2 day or smaller 
at the body sidewall thereof. 

The hollow container having such high barrier properties 
is unrivaled in the conventional soil-degradable hollow 
containers and belongs to hollow containers having 
extremely high barrier properties compared with the con- 
ventional high-barrier plastic hollow containers (for 
example, polyester hollow containers, multi-layer extruded 
polyamide hollow containers, polyvinylidene chloride hol- 
low containers and multi-layer extruded ethylene-vinyl alco- 
hol copolymer hollow containers) which have become a 
problem among the plastic waste. 
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The stretch blow molded container according to the 
present invention retains the high barrier properties even 
under high-humidity conditions of 80-90% relative humid- 
ity (RH). Such barrier properties are unexpectable. The 
stretch blow molded container according to the present 5 
invention can replace general-purpose barrier hollow con- 
tainers such as PET bottles as containers for, for example, 
carbonated drinks, cooling drinks, seasonings, edible oils, 
alcoholic drinks and fruit juices as it is or by further 
providing a water- vaporproof coating or a water-vaporproof 10 
laminate layer thereon. 
<Tensile Modulus> 

The stretch blow molded container according to the 
present invention has high modulus as demonstrated by its 
tensile modulus (in a circumferential direction) of at least 15 
3.0 GPa, preferably at least 3.5 GPa, more preferably at least 
4.0 GPa at the body sidewall thereof. Since the body 
sidewall of the stretch blow molded container according to 
the present invention is high in modulus, its stiffness remains 
high even when its wall thickness is reduced to about a half 20 
of that of the conventional hollow containers, so that the 
container is hard to be deformed even when it is filled with 
contents. Accordingly, the reduction in wall thickness by 
virtue of this high modulus brings about an extremely great 
economical effect. 25 
<Heat Shrinkage> 

According to the present invention, there can be provided 
a stretch blow molded container having excellent heat 
resistance. The heat shrinkage (as measured at 130° C. for 10 
minutes) of the stretch blow molded container according to 30 
the present invention at the body sidewall thereof is as low 
as generally at most 30%, preferably at most 20%, more 
preferably at most 10%. The hollow container having such 
a low heat shrinkage is suitable for use as a container for 
food such as seasonings, of which high-temperature steril- 35 
ization is required. Any hollow container having a heat 
shrinkage exceeding 30% generally undergoes too great 
deformation when used at a high temperature of 130° C. or 
higher, so that problems may be encountered in some cases. 
Production Process of Stretch Blow Molded Container 40 
<Raw Polymer> 

The polyglycolic acid used as a raw material of the stretch 
blow molded containers according to the present invention 
can be prepared by the following processes. 

(1) The polyglycolic acid can be obtained by a process in 45 
which glycolide (i.e., l,4-dioxane-2,5-dione) is heated to a 
temperature of about 120-250° C. in the presence of a small 
amount of a catalyst (for example, a cationic catalyst such as 

a tin organic carboxylate, tin halide or antimony halide), 
thereby subjecting it to ring-opening polymerization. The 50 
ring-opening polymerization is preferably conducted by a 
bulk polymerization process or solution polymerization pro- 
cess. 

(2) The polyglycolic acid can be obtained by a polycon- 
densation process wherein glycolic acid or an alkyl glycol ate 55 
is heated in the presence or absence of a catalyst, thereby 
subjecting it to dehydration or dealcoholization. 

In order to obtain a glycolic acid copolymer, it is only 
necessary to copolymerize glycolide, glycolic acid or an 
alkyl glycolate in accordance with the above process (1) or 60 
(2) in suitable combination with, as a comonomer, for 
example, a cyclic monomer such as ethylene oxalate (i.e., 
l,4-dioxane-2,3-dione), lactide, a lactone (for example, 
p-propiolactone, p-butyrolactone, pivalolactone, 
Y-butyrolactone, 6-valerolactone, p-methyl-6-valerolactone 65 
or e-caprolactone), trimethylene carbonate or 1,3-dioxane; a 
hydroxycarboxylic acid such as lactic acid, 
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3- hydroxypropanoic acid, 3-hydroxy-butanoic acid, 

4- hydroxybutanoic acid or 6-hydroxycaproic acid or an 
alkyl ester thereof; a substantially equimolar mixture of an 
aliphatic diol such as ethylene glycol or 1,4-butanediol and 
an aliphatic dicarboxylic acid such as succinic acid or adipic 
acid or an alkyl ester thereof; or two or more compounds 
thereof. The glycolic acid copolymer may be that obtained 
by subjecting the polyglycolic acid and another polymer 
having repeating units selected from among the formulae (2) 
to (5) to transesterification under heat. Of the above prepa- 
ration processes, the process (1) is preferred because a 
higher-molecular weight polyglycolic acid is obtained. 

As the glycolide (a dimeric cyclic ester of glycolic acid) 
used as a monomer in the process (1), glycolide obtained by 
"a solution -phase depolymerization process" (Japanese 
Patent Application No. 48000/1996) developed by the 
present inventors is preferred to that obtained by the con- 
ventional sublimation depolymerization process of a gly- 
colic acid oligomer because a high -purity product can be 
mass-produced at a higher yield. The use of high-purity 
glycolide as a monomer permits the easy provision of 
high-molecular weight polyglycolic acid. The solution- 
phase depolymerization process is performed by (1) heating 
a mixture containing a glycolic acid oligomer and at least 
one high-boiling polar organic solvent having a boiling point 
within a range of 230-450° C. to a temperature, at which the 
depolymerization of the oligomer takes place, under ordi- 
nary pressure or under reduced pressure; (2) dissolving the 
oligomer in the solvent until a residual rate (volume ratio) of 
a melt phase of the oligomer reaches 0.5 or lower; (3) further 
continuing the heating at the same temperature to depoly- 
merize the oligomer; (4) distilling out a dimeric cyclic ester 
(i.e., glycolide) formed together with the high-boiling polar 
organic solvent; and (5) recovering glycolide from the 
distillate. 

Examples of the high-boiling polar organic solvent 
include aromatic carboxylic acid esters, such as bis 
(alkoxyalkyl) phthalates such as di(2-methoxyethyl) 
phthalate, alkylene glycol dibenzoates such as diethylene 
glycol dibenzoate, benzylbutyl phthalate, and dibutyl phtha- 
late; and aromatic phosphoric acid esters such as tricresyl 
phosphate. The high-boiling polar organic solvent is used in 
a proportion of generally 0.3-50 times (weight ratio) to the 
oligomer. Polypropylene glycol, polyethylene glycol, tetra- 
ethylene glycol or the like may be used as a solubilizing 
agent for the oligomer in combination with the high-boiling 
polar organic solvent as needed. The depolymerization of 
the glycolic acid oligomer is generally conducted at 230° C. 
or higher, preferably 230-320° C. Although the depolymer- 
ization is performed under atmospheric pressure or reduced 
pressure, it is preferable to heat the oligomer under reduced 
pressure of 0.1-90.0 kPa (1-900 mbar) to depolymerize it. 
<Thermoplastic Resin Material > 

In the present invention, the thermoplastic resin material 
comprising the specific polyglycolic acid described above is 
used as a raw material for the stretch blow molded contain- 
ers. A neat resin of the polyglycolic acid can be used as the 
thermoplastic resin material by itself. A composition 
obtained by incorporating inorganic fillers, other thermo- 
plastic resins, plasticizers and the like into the polyglycolic 
acid within limits not impeding the object of the present 
invention may also be used as the thermoplastic resin 
material. More specifically, there may be used a composition 
(compound) obtained by incorporating the inorganic fillers, 
other thermoplastic resins and plasticizers in proportions of 
0-100 parts by weight, 0-100 parts by weight and 0-100 
parts by weight, respectively, per 100 parts by weight of the 
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polyglycolic acid. If the inorganic fillers, other thermoplastic 
resins or plasticizers are used in a proportion exceeding 100 
parts by weight, there is a possible problem that the barrier 
properties, tensile strength, tensile modulus and resistance to 
heat shrinkage of the resulting stretch blow molded con- 
tainer may become insufficient, or the melt processability of 
the composition may be deteriorated. 

Examples of the inorganic fillers include powders, whis- 
kers and fibers of inorganic materials such as alumina, silica, 
silica-alumina, zirconia, titanium oxide, iron oxide, boron 
oxide, calcium carbonate, calcium silicate, calcium 
phosphate, calcium sulfate, magnesium carbonate, magne- 
sium silicate, magnesium phosphate, magnesium sulfate, 
kaolin, talc, mica, ferrite, carbon, silicon, silicon nitride, 
molybdenum disulfide, glass and potassium titanate. These 
inorganic fillers may be used either singly or in any com- 
bination thereof. Although the inorganic fillers are generally 
used in a proportion of 0-100 parts by weight per 100 parts 
by weight of the polyglycolic acid, it is desirable to use them 



In the present invention, various additives such as heat 
stabilizers, light stabilizers, moistureproofing agents, water- 
proofing agents, water repellents, lubricants, releasing 
agents, coupling agents, pigments and dyes may be con- 

5 tained in the thermoplastic resin material as needed. These 
various additives are used in an effective amount as neces- 
sary for the end application intended. 

The composition is prepared by a method known per se in 
the art by feeding the polyglycolic acid and optionally at 

10 least one of the other components such as the inorganic 
fillers, thermoplastic resins, plasticizers and various addi- 
tives into a kneading extruder to melt and knead them at a 
cylinder temperature of from Tm to 255° C. (generally, 
150-255° C), extruding them into a strand, and cooling and 

15 chopping the strand into pellets. 

<Production of Stretch Blow Molded Container 

The stretch blow molded container according to the 
present invention can be produced by forming or molding a 
neat resin of the polyglycolic acid having the specific 



within a range of preferably not higher than 10 parts by 20 properties or a composition comprising the polyglycolic acid 



weight, more preferably not higher than 5 parts by weight 
taking barrier properties and mechanical strength into con- 
sideration. The lower limit of the inorganic fillers if incor- 
porated is preferably 0.01 part by weight, more preferably 
0.05 part by weight. 

Examples of the other thermoplastic resins include a 
homopolymer and copolymers of lactic acid, a homopoly- 
mer and copolymers of ethylene oxalate, a homopolymer 
and copolymers of e-caprolactone, polysuccinates, polyhy- 
droxybutanoic acid, hydroxybutanoic acid-hydroxyvaleric 
acid copolymers, cellulose acetate, polyvinyl alcohol, 
starch, polyglutamates, natural rubber, polyethylene, 
polypropylene, styrene-butadiene copolymer rubber, 
acrylonitrile-butadiene copolymer rubber, polymethyl 



at a resin temperature of from the melting point, Tm of the 
polyglycolic acid to 255° C. into a substantially amorphous 
preform; stretching the preform at a draw ratio higher than 
one time but not higher than 10 times and a resin tempera- 

25 ture of (the glass transition temperature, Tg of the polygly- 
colic acid+70° C.) or lower in a machine direction; simul- 
taneously or successively blowing up the preform at a 
blow-up ratio of 1.5-10 into a hollow container; and option- 
ally heat setting the thus-obtained hollow container for 1 

30 second to 30 minutes at a temperature ranging from the 
crystallization temperature, Tc 1 of the polyglycolic acid to 
(Tm+10° C). 

The resin temperature upon the formation of the preform 
(parison) is within a range of from the melting point, Tm to 



methacrylate, polystyrene, styrene-butadiene-styrene block 35 255° C. Although the melting point, Tm of the polyglycolic 
copolymers, styrene-ethylene butylene-styrene block acid is about 220° C. when the polymer is a homopolymer, 
copolymers, ABS resins, MBS resins and ethylene-vinyl it generally becomes lower than that temperature when the 
alcohol copolymers. These thermoplastic resins may be used polymer is a copolymer with a comonomer such as ethylene 
either singly or in any combination thereof. Although these oxalate, lactide, lactone, trimethylene carbonate or 1,3- 
thermoplastic resins are generally used in a proportion of 40 dioxane. Therefore, the resin temperature upon the forma- 
0-100 parts by weight per 100 parts by weight of the tion of the preform is controlled to generally 150-255° C, 
polyglycolic acid, it is desirable to use them in a proportion preferably 190-250° C, more preferably 200-245° C. If the 
of preferably at most 50 parts by weight, more preferably at resin temperature exceeds 255° C, the polyglycolic acid 
most 30 parts by weight taking barrier properties, mechani- becomes liable to undergo thermal decomposition, resulting 
cal strength, heat resistance and degrad ability in soil into 45 in a failure to provide a satisfactory preform. The preform is 
consideration. The lower limit of the other thermoplastic formed in a substantially amorphous state. When the pre- 
resins if incorporated is preferably 0.01 part by weight, more form is in a crystalline state, tension upon the stretching in 
preferably 0.05 part by weight. the subsequent stretching step becomes greater, resulting in 

Examples of the plasticizers include phthalates such as difficulty of stretching. The preform in the substantially 
di(methoxyethyl) phthalate, dioctyl phthalate, diethyl phtha- 50 amorphous state can be obtained by quenching a molten 
late and benzylbutyl phthalate; benzoates such as diethylene 
glycol dibenzoate and ethylene glycol dibenzoate; aliphatic 
dibasic acid esters such as octyl adipate and octyl sebacate; 
aliphatic tribasic acid esters such as tributyl acetylcitrate; 
phosphates such as dioctyl phosphate and tricresyl phos- 55 
pbate; epoxy plasticizers such as epoxidized soybean oil; 
and polyalkylene glycol esters such as polyethylene glycol 
sebacate and polypropylene glycol laurate. These plasticiz- 
ers may be used either singly or in any combination thereof. 
Although the plasticizers are generally used in a proportion 60 
of 0-100 parts by weight per 100 parts by weight of the 
polyglycolic acid, it is desirable to use them in a proportion 
of preferably at most 50 parts by weight, more preferably at 
most 30 parts by weight taking barrier properties, mechani- 



resin. 

The temperature conditions for the stretch blow molding 
are (Tg+70° C.) or lower. If the resin temperature upon the 
stretch blow molding exceeds (Tg+70° C), the motion of the 
molecular chain in the polymer becomes too hard, and there 
is hence a possibility that a state of orientation by stretching 
may be immediately relaxed even when stretch blow mold- 
ing is conducted, and so the orientation may be extinguished 
or reduced to a great extent. In the case of a cold parison 
method, a parison obtained by injection molding or extru- 
sion is cooled once to solidify it, and then reheated so as to 
give a resin temperature ranging from Tg to (Tg+70° C.) at 
the time of stretch blow molding. In the case of a hot parison 
method, a parison obtained by injection molding or extru- 



cal strength and heat resistance into consideration. The 65 sion is cooled and subjected to stretch blow molding before 
lower limit of the plasticizers if incorporated is preferably the resin is solidified. More specifically, when the preform is 
0.01 part by weight, more preferably 0.05 part by weight. a hot parison, the preform is melt formed or molded at a 
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temperature of from Tm to 255° C. and then quenched to a 
temperature of from (Tg-30° C.) to (Tg+70° C). The 
thus-quenched preform is subjected to stretch blow molding 
before the resin is solidified. Even when the preform 
obtained by the melt forming or molding is quenched to 
supercool it to a temperature lower than Tg, it is possible to 
produce a stretch blow molded container so far as such a 
preform is immediately subjected to stretch blow molding 
before the resin is solidified. Although the glass transition 



reheated to a resin temperature of from Tg to (Tg+70° C.)> 
it is transferred to a mold for blow molding to stretch it at 
a draw ratio higher than one time but not higher than 10 
times in a machine direction by a stretching rod and to 
simultaneously or successively blow up the preform at a 
blow-up ratio of 5 1.5-10 into a hollow container. The 
thus-obtained hollow container is optionally heat set. 
(2) One-Stage Injection-Stretch Blow Molding Process 
After the thermoplastic resin material comprising the 



temperature, Tg of the polyglycolic acid is about 38° C. 10 polyglycolic acid is fed to an injection molding machine, 

when the polymer is a homopolymer, it varies when the and injected into a mold at a resin temperature of from Tm 

polymer is a copolymer with a comonomer such as ethylene to 255° C. to form a closed -end parison, the parison is cooled 

oxalate, lactide, lactone, trimethylene carbonate or 1,3- into a preform formed of an unsolidified hot parison having 

dioxane. Therefore, the resin temperature upon the stretch a resin temperature of (Tg+70° C.) or lower. The preform is 

blow molding is controlled to (Tg+70° C.) or lower, pref- 15 then transferred to a mold for blow molding to stretch it at 

erably 30-100° C, more preferably 35-90° C. a draw ratio higher than one time but not higher than 10 

The preform is stretched at a draw ratio higher than one times in a machine direction by a stretching rod and to 
time but not higher than 10 times in a machine direction. In simultaneously or successively blow up the preform at a 
the case of a closed-end parison, the stretching is generally blow-up ratio of 1.5-10 into a hollow container. The thus- 
conducted by means of a stretching rod. In the case of a 20 obtained hollow container is optionally heat set. In this 
parison in the form of a hollow pipe, both ends thereof are process, the preform is transferred to the blow molding step 
held by holders to stretch it in a longitudinal direction in a state that the preform retains the remaining heat in the 
(machine direction). The draw ratio in the machine direction injection molding. A temperature control step for the hot 
is preferably about 1.5-5 times. parison may be added. 

The blow-up ratio is generally 1.5-10, preferably 1.8-9, 25 (3) Two-Stage Extrusion-Stretch Blow Molding Process (1) 

more preferably 2.0-8. If the blow-up ratio is lower than 1.5, After the thermoplastic resin material comprising the 

the orientation of the molecular chain becomes insufficient, polyglycolic acid is fed to an extruder equipped with a 

so that there is a possibility that the degree of crystallinity of parison die, and extruded at a resin temperature of from Tm 

the polymer may be insufficient, and the formation of to 255° C. to form a hollow pipe, the pipe is cooled to a 

harmful coarse spherulites may hence be brought, resulting 30 temperature lower than Tg to solidify it, and chopped into 



in a stretch blow molded container which cannot exhibit 
sufficient tensile strength and also has insufficient barrier 
properties, beat resistance and transparency. The blow-up 
ratio as used herein means a ratio of the diameter (maximum 
diameter) of the resulting container to the diameter of the 
parison to be formed into the container in the blow molding. 
The step of blowing up the parison is conducted simulta- 
neously with or subsequently (in succession) to the stretch- 
ing in the machine direction. 



constant lengths to provide a preform formed of a cold 
parison. After the preform is then reheated to a resin 
temperature of from Tg to (Tg+70° C), both ends of the 
preform are held by holders to stretch it at a draw ratio 
35 higher than one time but not higher than 10 times in a 
longitudinal direction. After one end of the thus-stretched 
preform is then pinched off to form a closed-end parison, the 
parison is transferred to a mold for blow molding to blow up 
it at a blow-up ratio of 1.5-10 into a hollow container. The 



In the final step of the stretch blow molding, the resulting 40 thus-obtained hollow container is optionally heat set. 

container is optionally heat set for 1 second to 30 minutes (4) Two-Stage Extrusion-Stretch Blow Molding Process (2) 

(generally, 2 seconds to 10 minutes) at a temperature ranging After the thermoplastic resin material comprising the 

from the crystallization temperature, Tc a of the polyglycolic polyglycolic acid is fed to an extruder equipped with a 

acid to (Tm+10° C.) (generally, 70-240° G). parison die, and extruded at a resin temperature of from Tm 

According to the stretch blow molding, there can be 45 to 255° G to form a hollow pipe, the pipe is cooled to a 

provided a stretch blow molded container which has been temperature lower than Tg to solidify it, and chopped into 

sufficiently stretched and oriented at the body sidewall constant lengths to provide a preform formed of a cold 

thereof and has high barrier properties, high modulus-high parison. After the preform is then reheated to a resin 

strength and high heat resistance. On the other hand, accord- temperature of from Tg to (Tg+70° G), one end of the 

ing to the conventional usual extrusion blow molding (for 50 preform is pinched off to form a closed-end parison. The 



example, Japanese Patent Application Laid-Open No. 
278785/1994) or injection blow molding, in which stretch- 
ing or orientation is not conducted, the stretching or orien- 
tation of a body sidewall is scarcely or insufficiently caused 
upon the molding of a hollow container. Therefore, the 
barrier properties, mechanical properties and heat resistance 
of the resulting hollow container become unsatisfactory. 

Stretch blow molding processes usable in the present 
invention include the following various processes in more 
detail. 

(1) Two-Stage Injection-Stretch Blow Molding Process 

After the thermoplastic resin material comprising the 
polyglycolic acid is fed to an injection molding machine, 
and injected into a mold at a resin temperature of from Tm 



parison is transferred to a mold for blow molding to stretch 
it at a draw ratio higher than one time but not higher than 10 
times in a machine direction by a stretching rod and to 
simultaneously or successively blow up it at a blow-up ratio 
55 of 1.5-10 into a hollow container. The thus-obtained hollow 
container is optionally heat set. 

(5) One-Stage Extrusion-Stretch Blow Molding Process (1) 
After the thermoplastic resin material comprising the 
polyglycolic acid is fed to an extruder equipped with a 
60 parison die, and extruded at a resin temperature of from Tm 
to 255° C. to form a hollow pipe, the pipe is cooled to a resin 
temperature of (Tg+70° C.) or lower, and chopped into 
constant lengths to provide a preform formed of a hot 



parison. Both ends of the preform are then held by holders 
to 255° C. to form a closed-end parison, the parison is cooled 65 to stretch it at a draw ratio higher than one time but not 
to solidify it into a preform formed of a cold parison having higher than 10 times in a longitudinal direction. After one 
a resin temperature lower than Tg. After the preform is then end of the thus-stretched preform is then pinched off to form 
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a closed-cod parison, the parisoo is transferred to a mold for 
blow molding to blow up it at a blow-up ratio of 1.5-10 into 
a hollow container. The thus-obtained hollow container is 
optionally heat set. A temperature control step for the hot 
parison may be added. 

(6) One-Stage Extrusion Stretch Blow Molding Process (2) 
After the thermoplastic resin material comprising the 
polyglycolic acid is fed to an extruder equipped with a 
parison die, and extruded at a resin temperature of from Tm 



ings and nursing bottles, of which high-temperature steril- 
ization is required. 

Embodiments of the Invention 

The present invention will hereinafter be described more 
specifically by the following Synthesis Example, Polymer 
Preparation Examples, Examples and Comparative 
Examples. 

Measuring Methods of Physical Properties 
to 255° C. to form a hollow pipe, the pipe is cooled to a resin 10 (1) Melt Viscosity, rj* 

temperature of (Tg+70° C.) or lower, and chopped into As indices to the molecular weights of polymers, their 
constant lengths to provide a preform formed of a hot melt viscosities, tj* were measured. A crystallized sheet 
parison. One end of the preform is then pinched off to form obtained by heating an amorphous sheet about 0.2 mm thick 
a closed-end parison. The parison is then transferred to a of each polymer at about 150° C. for 5 minutes was used as 
mold for blow molding to stretch it at a draw ratio higher 15 a sample, and the melt viscosity of the sample was measured 
than one time but not higher than 10 times in a machine at a temperature of (Tm+20° C.) and a shear rate of 100/sec 
direction by a stretching rod and to simultaneously or by means of a "Capirograph" (trade name, manufactured by 
successively blow up it at a blow-up ratio of 1.5-10 into a Toyo Seiki Seisakusho, Ltd.) equipped with a nozzle having 
hollow container. The thus-obtained hollow container is a diameter (D) of 0.5 mm and a length (L) of 5 mm. 
optionally heat set. A temperature control step for the hot 20 (2) Thermal Properties 

parison may be added. An amorphous sheet about 0.2 mm thick of each 5 

<Shape and the like of Container polymer was used as a sample and heated by means of a 

According to the present invention, there can be provided differential scanning calorimeter (DSC; TC-10A Model, 
stretch blow molded containers having an internal volume of manufactured by METTLER INSTRUMENT AG) at a rate 
at least 25 ml. The internal volume can be suitably deter- 25 of 10° C./min under a nitrogen gas stream, thereby measur- 



mined as necessary for the end application intended. A 
stretch blow molded container whose neck and bottom are 
generally formed at the lime of stretch blow molding is 
preferably of a shape having a flat part at the bottom thereof 
in order that it may stand upright for itself. However, even 
a container having no flat part at the bottom, such as a 
round-bottom container, may be caused to stand upright by 
providing an annular belt (a sort of stand). 
Application Fields 

The stretch blow molded containers according to the 
present invention can be used in a wide variety of fields 
making good use of their features of high barrier properties, 
high modulus-high strength, high heat resistance and high 
transparency. Application fields of the stretch blow molded 



ing the crystallization temperature (Tc 2 ), melting point (Tm) 
and melt enthalpy (AHm) of the sample. The sample is then 
cooled at a rate of 10° C./min from 250° C, thereby 
measuring the melt crystallization temperature (Tmc) and 
30 melt crystallization enthalpy (AHmc) of the sample in the 
course of the cooling. Incidentally, the glass transition 
temperature (Tg) was measured at a heating rate of 5° 
C./min. 

(3) Density of Unoriented, Crystallized Product 
35 A sheet obtained by heat-setting an amorphous sheet 
about 0.2 mm thick of each polymer at about 150° C. for 5 
minutes was used as a sample, and the density of the sample 
was measured in accordance with J1S R 7222 (a pycnometer 
method making use of n-butanol). 



containers making good use of their high barrier properties 40 (4) Tensile Modulus 
include, for example, containers for carbonated drinks, cool- Using a TENSILON (trade name, manufactured by Toyo 
ing drinks, edible oils, fruit juices and alcoholic drinks. Baldwin K.K.), a strip-like specimen 10 mm wide was held 
Application fields of the stretch blow molded containers by clamps so as to give a sample length of 30 mm to measure 
making good use of their high modulus-high strength the tensile modulus of the sample at 23° C. and a crosshead 
include, for example, containers for potable water, deter- 45 speed of 10 mm/min. The specimen was cut out of a body 



gents and cosmetics. Application fields of the stretch blow 
molded containers making good use of their high heat 
resistance include, for example, containers for seasonings 
and nursing bottles, of which high-temperature sterilization 
is required. 

Advantages of the Invention 

According to the present invention, there can be provided 
stretch blow molded containers, which are soil-degradable 
and have high barrier properties to oxygen and carbon 
dioxide, and excellent mechanical strength, heat resistance 
and water vapor resistance. The stretch blow molded con- 
tainers according to the present invention have sufficient 
physical properties to replace plastic hollow containers such 
as PET bottles which have heretofore become a problem 
among plastic waste, and are provided at relatively low 
prices. The stretch blow molded containers according to the 
present invention can be used in a wide variety of fields 
making good use of these excellent properties, for example, 



sidewall of each blow molded container, and its tensile 
modulus in a circumferential direction (transverse direction) 
was measured. 

(5) Tensile Strength 
50 The tensile strength of each specimen was measured in 

the same manner as in the measurement of the tensile 
modulus except that the crosshead speed was changed to 100 
mm/min. 

(6) Heat Shrinkage 
55 One end of a strip-like specimen 10 mm wide, which had 

been cut out of a body sidewall of each blow molded 
container, was held by a clip. The specimen was cut to an 
even length in such a manner that a free sample length was 
50 ram, and suspended for 10 minutes in an air-circulating 
60 Geer's oven heated to 130° C. to heat it. Thereafter, the 
specimen was taken out of the Geer's oven to measure its 
length, thereby determining its shrinkage. 

(7) Oxygen Permeability 
The oxygen permeability of a sample, which has been cut 

as containers for carbonated drinks, cooling drinks, edible 65 out of a body sidewall of each blow molded container, was 
oils, fruit juices and alcoholic drinks, containers for potable measured at 23° C. and 80% RH in accordance with JIS K 
water, detergents and cosmetics, and containers for season- 7126 by means of a double-side moistening gas permeability 



6,001,439 



17 



18 



tester manufactured by GL Sciences Inc., and the measured 
value was converted into a value in a thickness of 50 fita. 

(8) Carbon Dioxide Permeability 

The carbon dioxide permeability of a sample, which has 
been cut out of a body sidewall of each blow molded 5 
container, was measured at 23° C and 80% RH by means of 
the same tester as that used in the measurement of the 
oxygen permeability, and the measured value was converted 
into a value in a thickness of 50 fan. 

(9) Water Vapor Permeability 10 
The water vapor permeability of a sample, which has been 

cut out of a body sidewall of each blow molded container, 
was measured at a temperature of 40° C. and 90% RH in 
accordance with J1S Z 0208 by means of a PERMATRON- 
W3/30 manufactured by MODERN CONTROL CO., and 15 
the measured value was converted into a value in a thickness 
of 50 jMm. 

(10) Drop Test 
Each blow molded container was charged with 70 ml of 



was dried at room temperature for about 30 minutes while 
introducing nitrogen gas. Then, 0.04 g of SnCl 4 -6.5H 2 0 as 
a catalyst was added, and the contents were held at 172° C. 
for 2 hours while introducing nitrogen gas therein, thereby 
polymerizing glycolide. After completion of the 
polymerization, the cylinder was cooled down to room 
temperature, and polyglycolic acid [Polymer (P-l)] was 
taken out of the cylinder. The bulk polymer thus obtained 
was ground into fine particles having a particle size of about 
3 mm or smaller and dried overnight at about 150° C. under 
reduced pressure of about 0.1 kPa to remove a remaining 
monomer. The same process was conducted repeatedly to 
prepare a necessary amount of Polymer (P-l). 

[POLYMER PREPARATION EXAMPLE 2] 

Polymerization and post-treatment were performed in the 
same manner as in Polymer Preparation Example 1 except 
that a mixture of 196 g of glycolide and 4 g of L-(-)-lactide 
(product of Tokyo Kasei Kogyo Co., Ltd.) was used in place 



water and dropped from a height of 1.5 m to a concrete floor 20 of 200 8 of glycolide thereby obtaining a glycolic acid 



at 25° C, thereby determining whether the container was 

broken or not. 

(11) Degradability in Soil 

Strip-like specimens about 3 cm wide, which have been 
cut out of a body sidewall of each blow molded container, 25 
were buried at the depth of 10 cm under the ground of a 
plowland. The specimens were dug up at intervals of a half 
month to observe their shapes. The time the shape of the 
specimen began to deform was observed, whereby the blow 
container was ranked as being soil-degradable where the 30 
shape of the specimen began to degrade within 24 months 
after buried under ground. 

[Synthesis Example 1] 

Synthesis of Monomer 35 

A 10-liter autoclave was charged with 5 kg of glycolic 
acid (product of Wako Pure Chemical Industries, Ltd.). 
While stirring, the temperature of the contents was raised 
from 170° C to 200° C. over about 2 hours to heat them, 
whereby glycolic acid was condensed while distilling off 
water formed. The pressures inside the autoclave was then 
reduced to 19 kPa (190 mbar), and the reaction mixture was 
held for 2 hours under such a pressure, thereby distilling off 



lactic acid copolymer [Polymer (P-2)]. The same process 
was conducted repeatedly to prepare a necessary amount of 
Polymer (P-2). 

[POLYMER PREPARATION EXAMPLE 3] 

L-(-)-Lactide (product of Tokyo Kasei Kogyo Co., Ltd.) 
was recrystallized from ethanol to purify it. A PFA-made 
cylinder was charged with 198 g of the purified L-(-)- 
lactide, and the lactide was dried at room temperature for 
about 30 minutes while introducing nitrogen gas. Then, 
0.048 g of tin octanoate as a catalyst was added, and the 
contents were held at 130° C. for 15 hours while introducing 
nitrogen gas therein, thereby polymerizing the lactide. After 
completion of the polymerization, the cylinder was cooled 
down to room temperature, and a bulk polymer taken out of 
the cylinder was ground into fine particles having a particle 
size of about 3 mm or smaller. The fine particles were dried 
overnight at about 100° C. under reduced pressure of about 
0.1 kPa to remove a remaining monomer, thereby obtaining 
polylactide [Polymer (P-Cl)]. The same process was con- 
ducted repeatedly to prepare a necessary amount of Polymer 
(P-Cl). 

[POLYMER PREPARATION EXAMPLE 4] 
A PFA-made cylinder was charged with 35.72 g (0.24S 



low-boiling matter to prepare a glycolic acid oligomer The 45 mol) of recrystal]ized L -(-)-lactide and 162.4 g (1 .4 mol) of 



melting point, Tm of the thus-obtained oligomer was 205 

C. 

A 10-liter flask was charged with 1.2 kg of the glycolic 
acid oligomer, and 5 kg of benzylbutyl phthalate (product of 
Junsei Chemical Co., Ltd.) as a solvent and 150 g of 
polypropylene glycol (#400, product of Junsei Chemical 
Co., Ltd.) as a solubilizing agent were added. The mixture 
was heated to 268° C. under reduced pressure of 5 kPa (50 
mbar) in a nitrogen gas atmosphere to conduct "solution - 



glycolide, and 17.0 ml of bis-2-methoxyethyl phthalate, 0.20 
ml of a toluene solution of tin octanoate at a molar concen- 
tration of 0.33 and 0.0626 g of glycolic acid were added. 
After toluene was removed under high vacuum of 0.1 
50 mmHg, and purging with nitrogen was conducted twice, the 
contents were heated at 180° C. for 40 minutes with stirring. 
The heating was further continued for 4 hours and 20 
minutes to conduct polymerization. The resultant polymer 
was ground into fine particles having a particle size of about 



phase depolymerization" of the oligomer. Glycolide formed 55 3 mm or smaller. The fine particles were dried at about 25 



was distilled out together with benzylbutyl phthalate 

Cyclohexane about twice as much as the distillate by 
volume was added to the distillate collected, whereby gly- 
colide was crystallized from benzylbutyl phthalate and col- 
lected by filtration. The glycolide thus obtained was recrys- 60 
tallized from ethyl acetate and dried for two nights at room 
temperature under reduced pressure of about 1 kPa, thereby 
obtaining glycolide at a yield of about 78%. 



C. for 48 hours under reduced pressure of about 0.1 kPa, 
thereby obtaining a glycolic acid/lactic acid copolymer 
[Polymer (P-C2)]. The same process was conducted repeat- 
edly to prepare a necessary amount of Polymer (P-C2). 

This Polymer (P-C2) is a product substantially equivalent 
to remelted pellets of a commercially available artificial 
fibrous cloth for a synthetic absorbent, tissue substitute 
("VICRYL MESH", trade mark). 



[POLYMER PREPARATION EXAMPLE 1] 65 [POLYMER PREPARATION EXAMPLE 5] 

A PFA-made cylinder was charged with 200 g of gly- A PFA-made cylinder was charged with 100 g of recrys- 
colide obtained in Synthesis Example 1, and the glycolide tallized L-(-)-lactide and 100 g of glycolide, and the con- 
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tents were dried at room temperature for about 30 minutes 
while introducing nitrogen gas. Then, 0.048 g of tin 
octanoate as a catalyst was added, and the contents were 
held at 130° C. for 20 hours while introducing nitrogen gas 
therein, thereby polymerizing the monomers. After comple- 
tion of the polymerization, a bulk polymer taken out of the 
cylinder was ground into fine particles having a particle size 
of about 3 mm or smaller, and the fine particles were dried 
overnight at about 50° C. under reduced pressure of about 
0.1 kPa to remove remaining monomers, thereby obtaining 
a glycolic acid/lactic acid copolymer [Polymer (P-C3)]. The 
same process was conducted repeatedly to prepare a neces- 
sary amount of Polymer (P-C3). The polymer thus obtained 
had a glass transition temperature, Tg of about 44° C. and 
was a noncrystalline amorphous substance. 

The physical properties of the polymers obtained in 
Polymer Preparation Examples 1-5 are shown in Table 1. 
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further introduced into the bottle to heat set the bottle at 150° 
C. for 10 seconds. The bottle was taken out of the mold to 
obtain a stretch blow molded container. The stretch blow 
molded container thus obtained was transparent. 

[EXAMPLE 2] 

Pellet (No. 2) was prepared in the same manner as in 
Example 1 except that a mixture obtained by adding 1.0 part 
by weight of dimethoxyethyl phthalate (DMEP) as a plas- 
ticizer to 100 parts by weight of Polymer (P-2) was used. A 
1 stretch blow molded container was molded in the same 
manner as in Example 1 except that Pellet (No. 2) was used. 
The stretch blow molded container thus obtained was trans- 
parent. 

[EXAMPLE 3] 

Pellet (No. 1) prepared in Example 1 was charged into an 
injection molding machine and injected into a closed-end 



TABLE 1 









Polymer Preparation 


Example 








1 


2 


3 


4 


5 


Composition*' 




GA 


GA/LA = 


LA 


GA/LA - 


GA/LA » 


of Monomer 






98/2 




82/18 


50/50 


(wt/wt) 














Polymer code 




P-l 


P-2 


P-Cl 


P-C2 


P-C3 


T) * (Pa ■ s) 




4200 


3800 


3200 


300 


2000 


Thermal 


Tg r c.) 

Tc, C C.) 


38 


38 


52 


40 


44 


properties 


84 


83 


106 


115 






Tm (° C.) 


220 


219 


175 


198 






AHm (J/g) 


72 


70 


52 


50 






Tmc (° C) 


185 


155 


100 








AHmc (J/g) 


75 


60 


5 


0 




Density of 




3.58 


1.58 


1.26 


1.51 




crystallized 














product 














(g/cm 3 ) 














Remarks 




Inven- 


Inven- 


AHmc < 


ir < 


Non- 






tion 


tion 


10 J/g, 


500 


crys- 






Ex. 


Ex. 


density < 
1.50 
g/cm 3 




talline 
amor- 
phous 



<.i). ga - glycolide; LA = Hactide. 



[EXAMPLE 1] 

Polymer (P-l) was charged into a small twin-screw 45 
extruder equipped with a nozzle having a diameter of 3 mm 
under a nitrogen gas stream, and extruded into a strand at a 
melt temperature of about 230° C.-240 0 C. The strand was 
air-cooled and chopped to obtain Pellet (No. 1). 

This Pellet (No. 1) was charged into an injection molding 50 
machine and injected into a closed-end parison mold 
(temperature: about 10° C.) at a resin temperature of about 
235° C. to solidify it. The solidified resin was taken out of 
the mold, thereby pre molding a preform (thickness: about 
1.6 mm; outer diameter: about 1.6 cm; length: about 5 cm; 55 
spherical bottom surface) formed of a cold parison. The cold 
preform thus obtained was preheated to about 45° C. to 
soften it, and a stretching rod was inserted into the preform 
to stretch the preform about 2.25 times in a machine 
direction, thereby orienting it. At the same time, the preform 60 
was held by a single split mold for a bottle having a body 
outer diameter of about 4.5 cm, a body length of about 9 cm, 
a neck outer diameter of about 1.6 cm, a neck length of about 
1 cm and a kick in the flat bottom to blow up it at a blow-up 
ratio of about 2.8 with a high-pressure gas, thereby stretch- 65 
ing and orienting it in a circumferential direction (transverse 
direction) to mold a bottle. The high-pressure gas was 



parison mold (temperature: about 30° C.) at a resin tem- 
perature of about 235° C. The resin was taken out of the 
mold before the resin was solidified, thereby premolding a 
preform (thickness: about 1.6 mm; outer diameter: about 1.6 
cm; length: about 5 cm; spherical bottom surface) formed of 
a hot parison. A stretching rod was immediately inserted into 
the hot preform thus obtained to stretch the preform about 
2.25 times in a machine direction, thereby orienting it. At the 
same time, the preform was held by a single split mold for 
a bottle having a body outer diameter of about 4.5 cm, a 
body length of about 9 cm, a neck outer diameter of about 
1.6 cm, a neck length of about 1 cm and a kick in the flat 
bottom to blow up it at a blow-up ratio of about 2.8 with a 
high-pressure gas, thereby stretching and orienting it in a 
circumferential direction to mold a bottle. The high-pressure 
gas was further introduced into the bottle to heat set the 
bottle at 150° C. for 10 seconds. The bottle was taken out of 
the mold to obtain a stretch blow molded container. The 
stretch blow molded container thus obtained was transpar- 
ent. 

[EXAMPLE 4] 

A stretch blow molded container was produced in the 
same manner as in Example 3 except that Pellet (No. 2) 



6,001,439 



21 



22 



in Example 1 except that this Pellet (No. CI) was used, and 
the resin temperature upon the injection of the pellet into the 
closed-end parison mold and the stretch blow molding 
temperature were changed to about 190° C. and about 60° 
5 C, respectively. The stretch blow molded container thus 
obtained was transparent. 

[Comparative Example 4] 

10 Extrusion blow molding was attempted in the same man- 
ner as in Comparative Example 1 except that Pellet (No. C2) 
was prepared with Polymer (P-C2) obtained in Polymer 
Preparation Example 4, and this Pellet (No. C2) was used. 
However, Polymer (P-C2) had a melt viscosity, r|* too low 
15 as about 300 Pa s to subject it to the extrusion blow molding, 
so that the blow molding was obliged to stop due to severe 
drawdown of the polymer. 

[Comparative Example 5] 

20 

Pellet (No. C3) was prepared in the same manner as in 
Example 1 except that Polymer (P-C3) obtained in Polymer 
Preparation Example 5 was used, and the resin temperature 
upon the extrusion was changed to about 200° C. A stretch 
25 blow molded container was produced in the same manner as 
in Example 1 except that this Pellet (No. C3) was used, and 
the resin temperature upon the injection of the pellet into the 
closed-end parison mold and the temperature of the hot 
preform were preset to about 200° C. and about 70° C, 
changed to about 150° C. The bottle thus obtained became 30 respectively. However, since the stretch blow molded con- 
opaque due to devitrification upon the cooling. tainer obtained from the glycolic acid/lactic acid (weight 

ratio=50:50) copolymer was poor in heat resistance, gas 
[Comparative Example 3] barrier properties and drop strength. 

Pellet (No. CI) was prepared in the same manner as in The results of these Examples and Comparative Examples 
Example 1 except that Polymer (P-Cl) obtained in Polymer are shown collectively in Table 2. 



prepared in Example 2 was used in place of Pellet (No. 1). 
The stretch blow molded container thus obtained was trans- 
parent. 

[Comparative Example 1] 

Pellet (No. 1) prepared in Example 1 was charged into a 
vertical extruder equipped with a parison die having an outer 
diameter of 1.6 cm and a clearance of 0.7 mm and extruded 
at a resin temperature of about 235° C. into a molten parison. 
The parison was held by a single split mold (inverted) for a 
bottle having a body outer diameter of about 4.5 cm, a body 
length of about 9 cm, a neck outer diameter of about 1.6 cm, 
a neck length of about 1 cm and a kick in the flat bottom 
while maintaining the resin temperature at about 160° C. or 
higher, and a flat bottom part thereof was pinched off. At the 
same time, a high-pressure gas was introduced into the 
parison through a neck part thereof to blow up it into a 
bottle. The mold was opened to take the bottle out of the 
mold. The bottle was cooled to obtain a molded bottle the 
body sidewall of which was substantially not oriented. The 
bottle thus obtained became opaque due to devitrification 
upon the cooling. 

[Comparative Example 2] 

An extrusion blow molded container was produced in the 
same manner as in Comparative Example 1 except that 
Pellet (No. 2) prepared in Example 2 was used in place of 
Pellet (No. 1), and the blow molding temperature was 
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Preparation Example 3 was used, and the resin temperature 
upon the extrusion was changed to about 190° C. A stretch 
blow molded container was obtained in the same manner as 



(Note) 

Stretch A: Two-stage injection -stretch blow molding pro- 
cess (cold parison method); 



« 
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Stretch B: One-stage injection-stretch blow molding pro- 6. The stretch blow molded container according to claim 

cess (hot parison method); 1, wherein the container has a tensile modulus, in a circum- 

Extrusion: Extrusion blow molding process; ferential direction, of at least 3.0 GPa at the body sidewall 

*1: Insufficient orientation; thereof. 

*2: Polylactic acid; 5 7 jjj e su -etch blow molded container according to claim 

*3: Infeasible molding due to drawdown; x whcrcin thc ^mamer has a heat shrinkage, as measured 

'Noncrystalline amorphous substance. at 13Q0 Q fof 1Q minutes ^ of at most 30% at the body 

We claim: sidewall thereof. 

1. A stretch blow molded container formed from a ther- . 

moplastic resin material which comprises polyglycolic acid in 8 Tte stretch blow molded container according to claim 

having 10 1, wherein the thermoplastic resin material is composed of 

(a) a repeating unit represented by the following formula the polyglycolic acid alone. 

(1): 9. The stretch blow molded container according to claim 

1, wherein the thermoplastic resin material is a composition 
(!) composed of the polyglycolic acid and at least one compo- 
rt Q CH2 _ c j_ 15 nent selected from the group consisting of inorganic fillers 

1 2 || I and thermoplastic resins other than the polyglycolic acid. 

L 0 J 10. The stretch blow molded container according to claim 

9, wherein the thermoplastic resin material is a composition 

/LS , . j f ,, composed of the polyglycolic acid and at least one compo- 

(b) a melt viscosity, tv as measured at a temperature of the 20 . ■ . j * .u • e • • en 

melting point, Tm of the polymer + 20° C. and a shear ne " 1 f lected from the ' 0nS1 f " g f "T" a a 

rate of 100/sec, of 500-100^000 Pas; and thermoplastic resins other than the polyglycolic acid and 

(c) a melting ooint Tm of at least 180° C ■ comprises 100 parts by weight of the polyglycolic acid, 

S g I , au* f f 1 !, fl t7' a 0-100 parts by weight of the inorganic fillers and 0-100 

(d) a melt enthalpy, AHm, of at least 29 J/g; and , , r . * c * , .. 

. . - \ 1 c „ , 3 , ■ „^ parts by weight of the other thermoplastic resins. 

(e) a density of at least 1.50 g/cm as measured in an 25 r ' , , , , , „ . 

unoriented, crystallized form, n l \ ^ st ' etc L h blow i molded <™ta™r according to claim 

wherein the proportion of the repeating unit represented by 9 - wherein the thermoplastic resin material is a composition 

the formula (1) in the polymer is at least 70 weight percent, comprising 100 parts by weight of the polyglycolic acid and 

and wherein the stretch blow molded container has tensile 0.05-30 parts by weight of the plasticizers. 

strength, in a circumferential direction, of at least 150 MPa 30 12. The stretch blow molded container according to claim 

and a carbon dioxide permeability, as measured at a tem- 1, wherein the polyglycolic acid is a homopolymer of 

perature of 23° C. and 80% relative humidity and a thickness glycolide. 

of 50//m, of 300 cc/m 2 -dayaim or smaller at a body sidewall 13. The stretch blow molded container according to claim 

thereof. 1, wherein the polyglycolic acid is a copolymer of glycolide 

2. The stretch blow molded container according to claim 35 in a proportion not lower than 70 wt. %, but lower than 100 
1, wherein the container is obtained by forming or molding wt. % and at least one cyclic comonomer selected from the 
the thermoplastic resin material at a resin temperature of group consisting of ethylene oxalate, lactide, lactones, tri- 
from the melting point, Tm, to 255° C. into a preform, methylene carbonate and 1,3-dioxane in a proportion higher 
stretching the preform at a draw ratio higher than one time than 0 wt. %, but not higher than 30 wt. %. 

but not higher than 10 times and at a resin temperature equal 40 14. The stretch blow molded container according to claim 

to or less than the glass transition temperature, Tg, of the wherein the polyglycolic acid is a copolymer of gly- 

polyglycolic acid+70° C. or in a machine direction, simul- colide in a proportion not lower than 70 wt. %, but lower 

taneously or successively blowing up the preform at a than 10 o wt. % and ethylene oxalate, 

blow-up ratio of 1.5-10 into a hollow container, and option- 15 Jhe stfetch bbw molded mnUline[ accor ding to claim 

ally heat setting the thus-obtained hollow container for 1 45 13> whereio the polyglycolic acid is a copolymer of gly- 

second to 30 minutes at a temperature ranging from the colide m a oportion not lower than 70 wt . %, but lower 

crystallization temperature, Tc, of the polyglycolic acid to thaQ 1QQ m % and lactide 
Tm+lO^ C 

? t-u * l ui u j . • j • . 1 ■ 16. The stretch blow molded container according to claim 

3. The stretch blow molded container according to claim , , . A , . , . . . c ° . 4 ~ c 
- . . < 1 1 ■ t 1, wherein the container has an internal volume of at least 25 
1, wherein the container is degradable in soil. 50 \ 

4. The stretch blow molded container according to claim ' 

1, wherein the container has an oxygen permeability, as 17. The stretch blow molded container according to claim 
measured at a temperature of 23° C. and 80% relative whercin the thermoplastic resin material further corn- 
humidity and a thickness of 50 //m, of 150 cc/m 2 day atm or P nses at leasl one plasticizer. 

smaller at the body sidewall thereof. 55 I 8 - The stretch blow molded container according to claim 

5. The stretch blow molded container according to claim 17, wherein the thermoplastic resin material is a composi- 
1, wherein the container has a water vapor permeability, as tion comprising 100 parts by weight of the polyglycolic acid 
measured at a temperature of 40° C. and 90% relative and 0-100 parts by weight of the plasticizer. 

humidity and a thickness of 50 /ma, of 100 g/m 2 day or 

smaller at the body sidewall thereof. * * * * * 
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@#n y KJcJ: DUtflWc 1 fS®S 1 OteOTKEfr* 

jti. 5-i oco^s^yn-^-tsif^i o 

[ if$Q 1 5 ] Huia--K 'J f U a ££#t h t*FI 

Stt181IB*m£Tiii~2 5 5T;<offlisiajrcffasis»L 

T 4>2^M rfcfNK ( T g + 7 O'C ) OTtf>8j 

»Lt#S*rtU£l«ttll Ote&TWPfrU ifco 

m.Mt&mi. ffistettsax/crn-iti. 5~i 

[ »*J5 1 6 ] SSEjJ? D ^ 'J 3 -;H» 6 f»?T 

fflH»B*m*Tm-2 5 5 x; wfBreSjBtcjf asis» L 
x riffs Lfca. (Tg+7 o°c) arm 

1.5-1 0W*S«8Hc^o-«»t 611*11 0IE 
[000 1] 

SUCPL<tt. ±«WJI*tt. MA'iJt 
-tt (UJR^Ay-v-tt. KSRvOJ^-tt) . ffiaft 
$ • fi&A. MJRtt. BStt^@tt^o-§SI (KfflE 

»»*. »««sh*. mm. Affltt. «h-. si. a 

». ftttJWr LTffiffln.it #T'S S . 

[0002] 

fcttesHHtSro-co*. ft*. **H t «fW)IKtt. 

izmi. <mt&frtfi!kRmmx'ik&ffiMb%'ix 

Ztlb<?>7'yZJ-'y?m&fo<0<£X'i>, tK'JX^- 



yxf-uy-f l^r^-h (PET) i^'jxxf 
jSS*ifc+S*8tt. *K^fc*>fc. ftfcHHfcfroT 
[0003] i^J: p 3rtt8M)TT. i«S»+<»5Stt* 

tt. Mitt. ±WCO««tt <±+JB«tt) WUfcJ: 

/l/*ifor5^f-y^+SfS8lctt. Witt. 

tt. BBtt. iB^tt. SIHniltt. eartt*«5*S#i4 

[0004] J: D£ttWC. ^04»Stt/7Xf7 
Witt. TyU»^-XCLfc«t»S»Hti. »*tt. * 
■C*0. L3&»fc»BflOl3WiL<. JQI3X h***tf fc 

tt. i«Bat/iR»^t=*«-*A-y^-tt. &mm& 
x h *gf «ts v > t o 3 ras^'j) i. . .-k y i « < &xx 

ft (1^7-1 7 2 4 2 tt. KS&^K 

ffl i «WT'S> * k v »3 PIH*** I . 
[0005] ^^ftS*' , JxXT^T'$)l.--K , J?LS5r 
<-^kLfc+S«»tt. BSBa^KBWr^tJtt*^ 

h fbfe^T'tt 3 ytfx h {b* { H U ^ v ^ RII^ t 

[0006] ftifi. aMjR^'J"7-SrfflV^44MWtS 
«#!BKS*ir*J*} (»HH 1 6-2 38 28#4i«B) . 
WmmblX. ?LK-^U/U3-;H! (fiftib= 
5 0:50) «a^i*$-<-X{C L^+S^H* { ^§ 

T. #7Xfo&i^Tgtm3 0^5 0'Cn%%m)b 
£*f -f S A' 'J -14 . B&ft t X ffiv 1 k ^ 0 
[0007] XW\M£tzmmb?>) 3-;H?kc7)ft 
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tlMtfW&ZtlX^l (^¥6-278785^ 

tLxmZtillOX'bl. R4HS?tt, ILKfc^'J 
ffi«n D iA. VICRYL MESH) £\ JftBfiWC 

-/naa^fw*. j§ii«iS* { ^3 o o p a • s ( mm 

EifCi&ft. 4fc. K&ff(cfct. ttlMJKttl 7 sxrc 

m.tfzmx'h*) . (»2 5m i ) ull 

[0008] 

Jdi or^^.^-'x^^si^+Tfn'iiit^otv^ftT'^ 

y ? *&mizftftm immtztt ft t *>? 

l>0. U^tJtKW3cttfc«a-C*ftii:fcJ!.v^L 

[ o o o 9 ] >Ky a-/HWi. Hitf . /'J 3 y f 
ftttt (Witf. mer/W^K*. AoyyflJi, ao 

hzttfx-zz. «M>tfttt<»i-Ky /y 3-n**»ft 

ya'v-feK»jS««rlK8«i:ia^U'C. SET4*: 
U K*'J^-#»«ffl*»jfiLTv^ft«B-cl»«^ 

s-et . L*: / y 3 y h ^nm^sttirtitm t ft 
tsajs*, sas^a^y 3 y HSrmiR-rft^ratJ: 



0. £&tt«fc<ftftc:i:#T'£ft. 

[ 0 0 1 0 ] tfy o-^m^mwra-ms^ 

ft v y / y 3 -ivm * *rr ft teftft 

xrv7*-j±*ft®.L. <x^x\ i$.TV7*-£.zm 

»t=tt. ^y/y 3-^K«om^Tm~2 5 5*c<offlst 

ft. rn-rtOBrtt. ry^^-AS- (^y^yn-^ 
s«ot g + 7 o°c ) jaT<?>ffliiBia§rc. m»o 
fflv^«*iftnc 1 fttm 1 offipjaTKefrtfttftfc. 

1 OT'+^S^yo-^L. ififBta6tT«HffiSr 
jKU/y3-A«4. CO. H 2 0. StfCH 

2 o. ^ftiHix-fuy^'y a-^tv^S^TSfi^ 

comwyu-gm. ±«t>u!«tt*irf ftfe*. awit 
x^-r ft cio Jt t, tfDT* 1. . 

[00 11] 

TIE^ ( 1 ) 
[00 12] 
HL3] 

T°" CH! " C ot 0) 

x'mix&m*)mim£$Gi. (b)®m&v 
ess (iiATm+2 0-c) . mmms.i 0 o/nx-m 

A s 5 0 0~l 00, OOOPa - s, ( c ) MAT 
m# 1 8 0 "CfcLL. ( d ) ?§ifcx > ^;Ph°- A H m** 2 
0 J/gJjLh. RtX ( e ) ISE[6]^»S?«* S 1 . 
5 0 g/c m«J3Ut?*fc# y ^y 3-;HtSr*iTt4 

( mUfi ) 1 0 0 MP afcLt?. mtfflifi^jKIt^ 
X)S$J£ (iSS2 3°C. ffl«SS8 0%T-a!lSL.. S^- 
5 0^m(C^) i ! 3 0 0cc/m ! • day ■ atm 

ft. it:. *imzXtitt. ( a ) ( 1 ) 
[00 13] 

x-mtiimmiztiLZtti. ( b > »hskbe^ 

CffiJK (HiiTm+2 0-C) . SMlKl 0 0/»Ta 
#500~1 00. OOOPa • s. ( c ) M&T 
m**180XyjUi. (d) j§lixy^/Ph'-AHm«5 2 
0 J/gfcLL. RIM e ) IfiMlSflftftAffiC^ 1 ■ 
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5 0 g / c m3 liLhT'S) ft # 0 ? V 3 £ ft 
T7y7*— AfcfBKU S7*'j7*-A$r (tfy^'J 

3-/nw>#?*is»ittKT g + 7 o-c ) jaTotwsa 

ST. ffifrffllc 1 fgiS8 1 OffiFJaTtElW-ftkftt. 

T. ^'J^U3-/HjW)ISAftaKTc,~ (Tm+l 
0«C) OiSJgT\ 1 3 04HSK&Ejrf *£i:?>«r 
Sit t ftStt 7o-S»^SJ|*S63WittS*i4 . 
[0014] *»9fe«*:7n-f»fc*NvC . Hffiog 

a^KK^aaaE (aft 2 3-c. ffljtsKsox-ca 

JI*50//mfc&g) #300c c/m* • da 
y • atmtlKioT. KSiiiift (iSft2 3"C. ffi 
2tSft8 0%T*gU m*50umlZ®W.) #15 0 
c c/m* • d a y • a t mfilT. ftV/4fcti3iaK 
(iSft4 0*C. ffittSK9 OX-CHE U H&5 0/im 
tz®£) #10 0 g/m* • d ayBTTM fcOtt. 

xf-vy-t'-;l/7/l'3-/l/&fi£ft^£l& 
W>+£»SKft# U#ft <OT* 0 . «i tf . KIM 

T*?3IT-J>ft. #«^ffitt7n-88fc:*JVvt. MM 

mwrngm ( 1 3 o-c. 1 oj/momr) #30 

S<9ft#tti: * 9 f§* i ft . 

[0015] *»Htf>aiw»7'p-sHfc*ivvc. nanm 

«<09l5B*tt* ( PMfrraj ) #3 . 0 G P afiUtC** 
t><7)(±. gttO/Js§^SSHt'tftc:i:* i t'l'. (S3 

(1#II¥8-48 0 0 0^) lz£ 0. 'Wtm 

m z 1 & < t oaWMHtcs * fc» . 

[00 16] 

[00 17] 
[ft 5] 



r 



-CHa-C 

II 

0 



1 



(1) 



T*Sit*IW£LIMflte*tf*-*itfy v-T**. 
»». 7 0M%fcLL *F*Kti8 0fi*%£U:. <t 



ft^0j5Lmi4^f]-^* J 7oa»%*}iit-j)fti:. #y 

*>Krattt!ll#*A'J-*f--tt. 3198*11 
*. K^iRffitt=5:t-*^L<(gT-rftfc^n#*ft. * 
( 1 ) T'ft^^ft^OjSL^liJil^^OjSLmfit L 

ttt. mm. tie£ ( 2 > 

[0018] 



C-fCH.fcr 
II 

o 



IT 



(2) 



n = 1-1 0. m=0-l 0 ) TflSftftt* 1 ) 

iBUM4. TIE* (3) 
[00 19] 
Hfc7] 



tO-CH c4- 
(CH,),H oj 



(3) 



J = 1~1 0) T«S*l*ll»)jgLJWtt. TIE 

* (4) 
[0020] 
lit 8] 



1 



(4) 



(5W». Riat>'R 2 (i. «vWi»4fc. 

(iiftftB! 1 ~ 1 0 or^;^TJ>ft . k = 2- 1 o ) 

T'^§iift^OiiL#fa. T1E$ (5) 
[002 1] 
lit 9] 

- CH 2 - CH, - CH S - 0 - 



r 



oj 



(5) 



?«s*i*i* sauna, mm&t (6) 

[0022] 
[ftlO] 

-E-0-CH s -0-CH i -CH,-3- (6) 

x'fk%ti&mmLMM&zmf& ztwx-z ft . 

[00 23] Ztlbwm&imtiL (2) ~ (6)5-1 

«fi%ULL<7)#J-£T-$Atft ikteiO.iKy/ya- 

/l^*^^ 'J V-e7)ii£Tm £W ft d t ft . ^ 
>J /y a-;H^<OTm#T*mtf. ^'J v-coSpISS 
A^T* 1 0 . »ltiDI«W)J!WMW* te^-f ft - 1 
ft . 4 . ftM^tc J: 0 sK 'J ^ U a -/H!<7)^B B B (b3«S 
*W»L. f¥UiiDXtt^S(WPltt^tt^-tftC:i:t>T- 
S*. C*l6««9at*tt(2) - (6) #3 

0 mm% * mama . *• y ^ y 3 ft 

Ufitt36 t ii'3ri3ii ft J3 ft . 
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[0 0 24] 

mtv&mt ->mn . &m ( t m + 2 0 

tf. 5 0 0~1 0 0. OOOPa • sT'*>9. $?2L< 
HI, 0 0 0~50. OOOPa • s, &*)ft£L<& 
1 . 5 0 0-20, OOOPa • sT'£>£>. tfy^yn 
-;HfttfMfflltt«»7**«5 0 0Pa • sjfalTH. Stt 

jK'J^'J 3-;i^»lttt*i?» # 1 0 0 . 00 
OPa • sjfia-ni. ««iinic»v*ffl*#!fi«fc* 

[0025] <mmm> *ftw?mmhxo rv? 

2 0 0'Clilh. JiJ#*L<U:2 1 0*CfcLLT&6. T 

s i i: h . **wcffiffl-t s * y ^ y 3-/ng«o 

jgfcxy*/nr-AHmfct. 2 0 J/gfeUb"C*0, » 
*L<li3 0J/gJ2LL. iO#*L<t44 0J/GBl 
±-C*>*. Tm*>'18 0X;m &tf/ifcfciAHm# 

2 0 J / g y / y a -;WBK4 . # WMbl^flf 

-5-c. i <?) x o y ^ y a -^ss-ffl v b$l i im 

y / y 3 -/PSfliSilfc&flrfLx y^;H'-AHmc(i. 
jfiKtil 0 J/gtt±.X-fo*). t fc'5#^L<ti2 0 
J/gJJLh. «fc»4U<tt3 0J/G£U:'C*&. 
[0026] ♦JMHTttflWftJlf U/U a-JP 

^ffi^tSfafl:^^* 4 1.50 g/c mHXL 
7*9. *?£L<«:1 . 5 1 g/cm*ja±. J: Off* 
L<ttl. 5 2g/cn»3 jjLh-CAS. 

5 o g/c m^io^y /y $HW)fl: 

[0027] @tt7o-g£g)HSWf tt 



^y^y3-;H»»4»^Sg#ra-SStt. ±Jg# 

tc mi ocmtiiiguc*^. a». 2 4tnvj. 

1*1. #£L<tel 2*^Wf*lt^«tt. WMZ^X 

Lt?. taw. «e*o«if'ja»«+2»»«)«^«. 

jHUoStt 7*D-^(± . t g *r» < &v v-k y 

J: h 3 h ftj&^TSlT* S . 
[0028] <«BBtt> *$HfrOH1*7n-8«-C. Is 

[0029] <5l3fi^S> *«B^g»rn-S»tt. 

g#ffi< 5r •) . *W^ffl^* B Q B A s 4« U >< 'J -V— tt. 

*<72 5mlUUi. ff*L<{i»5 0mlJ3LJ:<?5rtS«t 

SftBWl OOMPaULhT. »*L<til 5 OMPafil 
±. J:0lfF*L<ti2 0 0MPaJU±T*9. iSv^E[^^ 

mztix^z. gisssMWi ooMPa*iire*s 
[0030] mmm^\ymx. ( n^^ifi] > # 1 o o 

MPaJa±^)5H*7*n-S»&||6t:tt. jKU^ya- 

-A5r . ( T g + 7 0 °C ) J3lTOl«ISia«T35«*l»:# 

«iOit)3&«l. 5JjLhi:*SJ:5t:ji1*ElflI$*4i 
2:«<lF2UvttlHUe^ (Tg + 70-C) 

grit, xw-nft^mtommmzx . mm 

tt. Off. 1. 5-1 0. ff*L<(*l. 8~9. .k 1 ) 
Jf*L<«2. 0~8T*&. 7*n-Jts&*l. 55fcSrc 
(4. ^«^E(6l*cp^k=Sry. 

[003 1 ] <y<y-v-tt> *^BBt<t^tf. 
tOSS^iiS (?SS2 3-C. ffl*fSK8 0%-caiSL. 
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mxSOumlzmn) 9ft 1 50cc/m! • da 
y • atmfelT. Vf£ b<te 5 0 c c/m* ■ day 
atmtlT. J:')if^L<(i2 0cc/m2 . day • 

atmJaTTft*. *»g^K1*7o-$»tt. IMN0 

JgU 5 Ojum #300c c/m 2 • da 

y • atmlJlT. jJiL<«10 0cc/m ! - day 
• atmJilT. <t0ff*U<l43Occ/m2 - day 

*av«iwr^c» l.-c . ; w y ^-^.omwru- 

L. ff*5 0jumfc»*) ilftl OOg/m' • d 
ay 1ST. »tL<(450g/m2 . dayJ&T. <* 0 
#*L<tt3 0g/m* . dayjaT(?DWaMt**tt 

[0032] a CSUA''Jt-ttO+2§Stt. 
(RH) #80~9 0%fcV>3B®»fefrTCiMW) 
[0033] <3l3SS*tt*> *«W«Hff7'D-S» 

n. psiiiiao?i3S3*tt* ( mm ) #3 . o g p a 

ttJt. #*L<tt3. 5GPaJilt. iOtfilXtt 
4. OGPaJ2Lh«)3W»tt**UtV^. *fMHW8BI* 

[0034] <&JR18¥> *W»K J:*Uf . W&ttfcte 

Ettyo-«S^|ja5fl|fiojfi|R«Jp ( 1 3 o*c. 10 

$HB) tt. 31ft. 3 0%J3LT. IF&L<(i2 0%£lT. 
J:9ff*L<(il0XOTfcttrVt,*>"C**. .roid 

«W 3 0 % £ IB i h *¥5&Wit .13 0 T&LtC*>ft 



[0035] @<»yp-s§§osjg^a 

flwt * * y ^ y ^ -/n»i . TR^atsc =t -> t ssit 

©sK'J^'ja-yHKi. ^l/aUK (t=5rt)*>. 1, 4 

-v-'5MMfy-2, *, ^mnmtmt 

[ 0 0 3 6 ] jK U 3->HB«£tt**6fctt. ± 

If. i/j.VMxi-uy (ttfr*>. l, 4-^=Jt-ty 

-2, 3-vjf>) . 7^^H, 7^hy«(CTx(f. 

ISO . hy^f-V^-^-h. Rt^l. 
■fy^t'^m^y?- ; ?LK, 3-h h'odf^rD/N- 
y&. 3-t KDdfx7"^yi?. 4-hh'ndrvy^>' 
K. 6-t KD^-/*7Dy85rt'<ot Ko^f 

iiA>c7)2aiiLt$:. i/yn'JH. ^'J3-A«. 4^4 

/y 3-tvw7)v*)vx.xT)i>b mw^^h^x^A 
y ^y a-znti: . imea ( 2 > ~ ( 5 ) *^stms 

;U3aR»B ^ * 4 i i: «t -> X # fifc i> <T> X'h o T t 
[003 7] MB®<0*ffi(CtJV^T. */v-i:tTtt 

ffl-f s^y 3 u h (^y 3-/Pi^2«#gittx*r 
fcLttt. fif*^^y3-/^jj-yd-?-c7)#w 

^sKy^ya-zHRSSSCas^k* 1 ^**. ^Mffl 
8?M^T'(4. ( 1 ) ^y a-yH8*y 3-?-t 2 3 0 
-4 5 O'COffiHrtO^^rW-f t t-SoS 
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( 2 ) a* u 3-?-<oMfmcom&m <sstt) #o. 

( 3 ) HsarsteWSfciiaLTK* y 

(4) 4«L^2*«^i«x^r7K^*> 

(5) sajfe^'o/yay HSrunR-ts. 

[0038] LTti, Witf , 

yyx- h & i'OT;i^r y 7" y a -n- y V 
h^fc'^SSt^/^-KyKxxr^. h V9V : J)V*x 

7*-h% zmmm y ^xxf^^ws z t a< 

K*ya*v-C*fl/C, 0. 3-5 0fgfi 

yrnevy^y a-;K ^yifi/v/y^-zk t 

h ?xf- y y a -/^ if £ flfffl-f & CI i & . 

^•j3-/i«3ry3*v-<ojws^aBE{i, a«. 230 

•CliLhTS) 0 . $f£L<(2:2 3 0~3 2 0'C?£>6. 8? 
fi£tt . SETS fcttBEETCff o tf. 0 . 1-90. 
OkPa ( l~90 0mbar) O^ffTKMlTft? 

[0039] <J»™ttWIB««> *»HTtt. 

»t UTii, #y ^y 3-*»o-- h wvtrimz 
>mth z t *. 4*: , mw&mmtmt tx 

AttWWi, stfy^'ja-A'KlOOfiJKffctfl/C, 
0-1 0 0SfigP<7)»&7 -r y-. 0~10 0fiSSPc7) 

mfmmmm. o~i o oa*s*>*nw«rif£K 

[0040] &fll7 4 7-t LTti. . 

y, SMbJK, BMfc***, ^b?^^v"7a. 7-4 

*>"7A, y-fisv^^^A, yy Br? a. 
RU"?^*^»7A, ^jj-yy, ^p?, v-ftf. 7x7 

#5*, f-^Bwy <747.#-, mi 



-f7-«, *y/ya-^Bu ooaag?£*tu:, a 
jsto — i oonm&cDm^x'mmzti&tf, A*y-\»- 

imt u\ ai7 < &®£<DTmi. n 

ZKliO. 01*5$, J:0»tL<(iO. 0 5MM. 

[004 1 ] fficOSft^ttfflBti: L-ai, «itf, ?LK 
co#MS^*at/Jt«^ft . is * <7i?xf- u y<7)#?ia 

^yK. t h'o^fv7'^yi!-h Fo^fyglS*!^ 
l^S-fe^n-^.. ^yh'x;ur;U3-;l'. X'/JSi. 

^y/;p^5yi!x^T/k ^a*A, ^yxf-i^y, 
^yrnfu-y, 7.-fi^y-7'^vxy*a-^a'A, 7 

^^yu-h. Ttfyxf-u-y. xf-uy-y^yxy- 

X-fby7o-y^^S-^(*:, x^-U-y-x^-l^y ■ 7-f 
i^y-x^-uy7*n.yi?ita^. ABSSIi. MBS 

{i2aw±^fi^^Tffiffl-ri.^t* { Ti=i»o 

fe^R^nBttWIWi . * y ^ y a -;H? l o o sine 

ntx. a«o~i o omjigposij^T'ffifflS^i.* 5 . 
jt-ri»t. »tu<(i5oa«a5OT> e t | )»^u<{i 

»'«rffltt«llll&E^f4«^)TlWi, if4L<J±0. 
OlMft^. <t9#£L<l±0. 0 5«ftg|5T-J>S. 
[0042] ^I^Ji:LT(i, x (^h=Jf^x^;U) 7 
?U-K h, >-*xf-;l/7^l/- 

<y^7^7^l—h^7^i!xxr^; 

-^xXyv'x-h^<7)Sl.#S!xxr^ ; T*J\£>Wt 
*91-)V. -tA'f-yK^^^/^coBlffimr^aKxx 
; 7*L^->V7x.ymy y 7"-f ;P^0igI»«Z««K 
xxr/P; yy®?v*^f-;K 'J yKb'J ?i^*/Mg<7> 
y yg?xxr;w ; xtf* isttttW&)*X*i'X'ia 

y^ya-^^^v-h ^o* 1 y r /p^ ^ y ^ y a 
t* ? -c#i.„ sra»o«, ^y/ya-;H!i oosaa 

t. «P4L<{i5 0aftgl5JilT, «tO»4L<ti3 0a 



* 
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[0043] *$MHTIi, *BKJB tT . JBSSSW, ft 
Wl> H&*M, JfcWW. iiffJ. mmi * -y 

t. my<y-, mw&mwz. topi, mmnm 

<) 5 5*C 1 5 0-2 5 5 

•C) TSBBWU * h V V Kttfcff Hi L . fcffl. #y 

[0044] <8H*7*n-«F*0»i> *«HB«gft^ 
*>-- h uy'y£fc{ii&i?y ^'J n-/HJ£-£#-tSiffi 

i^asT-^ lt , mmtemmcr)-? y 7 * - a $• 

+ 7 o*c) OT*MM8ii*-c\ ittrrtici 

<aB»10fl5J3lTCgttt-6i:ftK. RB*ifcU:8<fc 
;H?0^ a B B ftiaSTc,~ (Tm+ 1 O'C) <7)ii0rt\ 

i #111- 3 o 4hsbssij&*-* c t tc <* o *§!» ^ t 
[oo4 5]ry7t-A(^'jyy) fmB$co®m& 

/H60>Tmtt, ***y 7-tfD*&£Uil92 2 0°CT&l> 

^yyjfr-#*-K l, s-y^ty^^nty 

ft. 1 5 0-2 5 5 o C. titi L<til 9 0-2 5 0'C. 
e kO$?£L<fi2 0 0-2 4 5*CTJ>S. $IliSJ£tf2 
5 ST*®**"* i: . tf'J 3-;H«jWS$HKfc*t 
J H"< & 0 . PM&T'J 7 * -A £#6 Z k #"C# & 

i l/t iBBSflS . 7-y 7 * -AA^ H B B «ffiT$)S t . 

##Eftfc «r* . n®W(c^ B B B imo7° y 7 *- All, 

SIMfKfcft}** I. C t J: 9#6 i t & . 

[0046] mw y*v-f8M<nm&km$. (t s +7 

0°C) JSITC**. JPf^o-B^ffifl^SStf (Tg + 

7o*c) srtti*awrwi. ^yv-^^H^asa* 

tzliWlilimizj; QHbtUZ'V) yy?r-I»»lftL 
7 O'C ) <0«Hfc$r* J: o KWmtl . * x H< 'J V 



@#7u-^ts. -r^*>, 7-y7*— A#*vh 

^•yyycOJ©^. Tm-2 5 5 < 'C^iag-C7'y7*-A 
?:^S^L^. (Tg-30t) - (Tg + 70 

f-H, 7 9l>m. VVX+XsVyyo-fr^ 1,3- 

y^r Jf-y f fc* <o 3 1 7 v- 1 ftfi^-TI. Z t iz i o . 

(Tg + 7 0°C) tUTThiifi, if^L<«3 0 
~10 0'C. iOifft L<{i3 5~9 0 , CTibl>. 

[0047] ry7*-Ati s aariaic i fs®a i o*g 

r6]) (cjgw-ri.. isBrmwefffi**!. »tL<»ii. 

5-5figftTr*6 . 7'n-JtJi, ffl«l. 5-10. 
jff*L<ttl. 8-9. J:0»*L<{i2. 0-8T'J> 

14. ffifm. ^m^WtttchH^ixt-hb. ZZ 

^<?MWtmmz^ fo&\mffiUft'^<7Mfae>®iz cm 

mz) 'fro, 

[0048] Tm7x3-m&<r>m.mjLmx\ tmzi&t 

X. Tc,- (Tm+lO-C) com. 70-2 
4 0-C) X\ l«MSh-3 0*^ 2&frl 0# 

mm&cowwy'v-®mmzttfX'Z$>. ztuztt 
ix. ^comwmmth^yM^cowtay^-m 

m «Rl¥6-2 787 8 5#4«8) ^Wtli7 

|6l*%if)Bi <5>*VV&», U*>SC ^^roco-c. 

[0049] *»IBT«ffl'C* !>®#7'D-^ffitc 
(l)»ffi-K«»yD-2Si6 

%&mmzmi. Tm-25 swmwaircAffl 
l.tt g*)iosms«s-w-r& y v y*^ 



t 
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~ (Tg+7 0'o (omm&miznwkLt:®. 7*0- 
mi o®v.Tizmw?htmz. mttzimmz, 

£Sv£iK#i2X-e7'o-jtl . 5-1 O0)tm%&lz7 
[00 50] ( 2 ) Itffl • Eff^n- 1 

metssanzmt. Tm~2 5 5x:<oiiufiajrcas 

(Tg + 7 0'C) OT^BaUte*1-*fflfcl/0* 

T. f£7U7*-A£7n-i£»jMI>rtf;:#t!)U S 
Wa 7 KCJ: 0«f^f[S]H 1 fgjffifi 1 OfSiaTCBfrt* 

t«K» mmwmmz. s^^ax-eyn-jt 

1. 5-1 0O4>SSS^7*o-^L, £&lZfotX 

asHjrr*. .r ovarii, 7-U7*- A#sta}j»> 

[005 1] (3)ffffl-J£tt7*D-2KiS(*01) 
^Uy>ffl^>f*««UfcffajliK*»L. Tm-2 5 

», Tg^OfflflEfctoSJIHfcU -JSftKHJJKLTa 
7'J7*-AKg- (Tg + 70*C) afflBSAlclf 

*7ixG&titz®. ya-mm&mmz&mi. 

£5\,£lK#j£A/C'7n-jtl • 5-1 0 (?)«*<5SSS»K7* 
[00 5 2] ( 4 ) ffffi • ji£#7o- 2 ( 2 ) 

A'ljyyffl^JgfUcfftlilCftfeL. Tm-2 5 

~;ubV'cyyy3&>^47 , i>7*- At u &wc\ S 

7-ij7*-AS-Tg- (Tg + 70'C) 0ffiJBfflft(C?f 

Hasina. %<o\mzv>**7Lx^&bi. 

:friSW;: HS8S l OfiiaTCiflitikfti:. 
liajKfc. £^£PK£&^7 , a-Jtl . 5-1 0 co* 

[00 5 3] ( 5 ) ffiti • H#7*o- 1 886 < 1 ) 
A-ijyyffl^^gfLtff»:«}SL. Tm-25 

a. ( t g + 7 o -c ) iiiT^ffi!§ffljg(c^ai l . -jg* 
\zvmix*v h^yyy*^^S7 , 'j7*-Ai: 

a. *ow*t*-/i'^-"r«j*LT*$*i»iciffiH8 



£ji/CT7*n-Jt 1 . 5~10C0+^S^C7D-^ 

mimzimixi,^. 

[0054] (6)W&-m®7'n-l®m (*cr>2) 

SV) V>m?<( H^LfcffifitlSfcftteU Tm-2 5 
5X:<0tMSa«T»aiJK»LT+^'C-f 7*£fi$SU: 
a , ( T g + 7 0 V ) JjTROfillti&gtc&aJ L - 
C«JBf IT * x h 0 y yfrfefr h 7° 'J 7 * - A k L/C 
a. ^Ofrffifrt'yf-^LTWJSt U fcWC. 7n 

fgsai owxfizmwt&tmz. mztzteM&z 

2&£lK£j£/</e7'n-.ttl . 5-1 OO+S^fs 

y ^Ojl&MBXg £ ttJo LT t J: v \ 
[0055] <Sg§?««> *fffiHCJ:fiaf. 
#2 5 m 1 Ja±tf)B#7*n-S»*»S i t * J T't= S 

[0056] ffl^ 

ffl^t LTtt, Witf , ^KDc^tIc, ^ffl 
S^vS^t/cffl^t UTJi. Mitr. ffiffl, -ft 

ffikwmwwft>tii. ffimt&fefrLtimmtix 

[0057] 

[UStMJ OTK, ^HSW, aVifc«M**(f 

( 1 ) J^H^T?* 

fc. KfikLT, #7K'J-7-(7)/f^0. 2mmc7)#B B B 
v- hS-^1 5 0-CT5*HSD^LT^b$^tO 
5rfflV\ D = 0. 5mm, L= 5 ramO/X^f^-v 
h'n^7 (X^fMi <*) IS) SrfflV^T, jSS (Tm 

+ 2 o-c ) . nmm. 1 o o /^tsss uc . 
( 2 ) mmm. 

W&k IX. #^'JV-£7)J¥^0. 2mm« B y- 
^S^$^*lt (DSC ; Met t 1 e rtt 
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§jtc- i oaS) zm\.\ mxiix^f. i ox:/ 
towurc 2 5 o *c t ?aa i , tiAfcax < t 

c, ) . It* (Tm) . &Wmx.y?)\,V- (AH 
m) £»jglyfc. fcwe, 2 5 0*C*»fe 1 OX:/frcDjS 

s-co^iaiigT . $»iftiiftiift t m c mfmm&ik 

[0058] ( 3 ) imim&teto&aix 

hfcl 5 0t;?5#IBB!&li£U:itf>£fflvvt. J IS 
R-7 222 ( n-T^y-^ffl^fct^yy-? 

( 4 ) 3l3«$!tt$ 

fy^oy (Toy o Ba 1 dwi nttS?) &M\ 
ffll OmmtfJJBfflHBWBfrfc, fee«** { 3 0mm{C^r|, 
J:3fc?5yTT*ttS*. 23°C, 3l3gjffl£lOmm/ 

miifo ^9l58Wtt*S:S!lJEUfe. 

( 5 ) 

gi5saasrioonim/^s3iLfcjjs*»<«-, aia 

[00 5 9] (6)&lRJ&¥ 

7oHSlK>inNMKft>6{D 0Ko^« 1 OmraOlf 

jwwftwftiat ? y -v rra $ * . s 5 o 

mmfc$r*J3fc:flJ9**;U 1 3 0XJ<a2j«illW¥ 
-f-*-7>+K 1 0*H8MTtyTirtfcU:«. Kfl£ 

( 7 ) RXSift 

S K-7 1 2 6(C2i8aL-C2 3'C, 80%RHO^fr 
X*K*iSiK£aijeU E»5 0jumfcJft»U;. 

( 8 ) ^ig^X^iSJK 

[0060] ( 9 ) ®SJS 

ODERN CONTROLttKPERMATRON- 
W3/3 0 J I S Z-0 208fciW»LT, 
4 0 e C, 9 0KRHraa*£«gU H^5 0/imfC 

(10) «TK» 

^a-atSC*7 0m 1 £3fc«U 2 5XrCW£l. 5 

(in ±+ffl«e 

ro-»H«>IMM«*»fefllO»-»fc»3 c m«itt 



[006 1 ] ] ^yv-co^fig 

1 o y y h/m-- b ? u-ytc. a-^m iW(M 
m (»> m 5kg5rftiA^, iwpu^^, 17 ox: 

*£2 0 0T:itr»2i*|^tTJWtW»U 
ffltHStf**^. (Kwr. 19kPa (1 

90mbar) fc«EL2BflB«i*l,T. fflc$#£fflSt} 

^ya-zuRsryrfv-^twRLfc. * y a* -e- 

■7-1. 2kg$:l 0y yh;l^)77^3»Ctta*. jSf 
ttfc LT^y^yf-yl/7^1— h 5 k g CffiEffc? 

(ft) IS) aOTr«Hk*Jk i-c^yyoevy/yn- 

/KHIEflS* (») H. #4 0 0) 150g£flD;t.§ 

5kPa (50mbar) COSET. 

2 68tl:ML. iK*'J=f"7-«> r ?§ifrfflji¥S-£j 

D'vdfHfy^jjDi.T, yyny H^^y^>yf-;i/7^ 

JBbvttflMU 3fflT*#l k P a?2*«ffi9H*L 
fc. «7 8%c7)lR$T'^y 3 'J 
[0062] [# 'J V-WR« 1 ] 1 T*fc^U 

3UK200gSrPF AM^ y y ^-ctta*. SBIMf 

*£R*a**#fc»3o*HraaT(iH*Lfc. 

T. l«i:LTSnC 1 4 • 6. 5H 2 O£0. 04gi 
JnU 3*#x£iK&S*&j&*& 1 7 2r(c2B#^ftj# 

L. x'Jy^-*^--Ky/yn-;H? CjK'Jv- (P- 
T^flttCftfft. Ml 5 OX:, WO. UPat, 1 

^SI^'jv- (P-l ) 
[006 3] [ilfy ] F2 00g 

tftiT, y"'J3U h* 1 96g£L- (-) 9^f-K 
CKDKftlR (1*) S3 4gt^a^*Sfflv^ikJ^I- 

v\ ^yn-zne-iLK^a^ c^yv- (p- 

- (P-2) 

[0064] [^Uv-WH«3] L- (-) 7?f-F 
It:. %M Ltz L - (-) ^y^h'l 98g$-PFA|^ 

$r0. 048gSsjDL, 1 3 

ox:i5«isi«»L-cfi^Lfc. s^j»7«. J/yy^ 

y7-*tt3mmfilT<0iWfi»Sl»»L, »1 OOXJ, » 

lkPa?-ft«E9a*U s#^yy-^i^*L-c--K 
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y5*f-F c^'j-?- (p-c i ) ) mtum 

£ti9jIL. iBSlWJv- (P-C 1 ) £pf!L 

fc. 

(00 6 53 [jK'J-?-H»0«4] BUflL- (-> - 
7??-F35. 72g (0. 248*/W) fttf/Uay 
K16 2. 4g (1. 4^) 5PFA|-/'jy/-(; 
tbi£&, t'X-2-;* h*vXf-7P7*U-M 7. 0 

ml. 0. ss^iiS^^^yK^oh/uxy^ 

0. 2 0ml. ^U3-/H?0. 0626g£jDX. 
0. lmrnHg^l^th/l-xy^L, M^Sa 

*20LT*»fe. mJ¥L&*^18 0'C. 4 04HIM* 
U §4>KJn3RS4iiSIII2 04HSBttS^*fT^. # 
4>nfca^ft*tt3mmJaT<'5iWiac»*U. ft2 5 
'C. »0. lkPaT48l$iaSffi(6j»LT, /'J 3- 
;Hg/?Lifc£fi£ft CiKU V- ( P-C 2 ) ] Wc. 

mtumrnvML. -mmcoxv-?- <p-c2) £ 

WKU:. IflWfUv- (P-C2) (i, TUIK^Bg© 

JR14l&$iftffl AlUBtfc ( SliffiK V I C R Y L ME 



[0066] i#v-?-wmmi BtssL- (-) - 

7^^-h'l OOgt^'JrJ'J HI OOg^PFAK^'J 

04 8g£aSlDU &M*ffil.%tft> 1 3 0'CK2 0Bf 
IBBtfcLTS^Ufc. S^»7ft. x'Jy^-*^ffiO 
ffit^«tt^!;v-S:|!j3mmUlT<0«^(C^L. ft 

5 0*C. ftO. 1 kPaT-%^ESe^L. SStyv 

(P-C3) ] H!^. Hfc:frft*t*DiBU 
jK'JV- (P-C 3) *WHLfc. ft&flfcsK'Jv-O 
^7X|&^ajgTg(i^4 4 , CT3bO. *HMiS0Hir? 
* o fc . J -7-fWflfl 1 ~ 5 C J: 0 ft 'J v 

-<?)fttt£a< 1 

[0067] 

can 





* U T - ■ « « 


1 


2 


3 


4 


5 


(wt/wt) 


GA 


GA/LA 
= 98/2 


LA 


GA/LA 
= 82/18 


GA/LA 
= 50/50 




P-l 


P-2 


P-Cl 


P-C2 


P-C3 


77* (Pa-s) 


4200 


3800 


3200 


300 


2000 


ft 


Tg CC) 


38 


38 


52 


40 


44 


Tc, CC) 


84 


83 


106 


115 




Tm CC) 


220 


219 


175 


198 




AHm (J/g) 


72 


70 


52 


50 




Tmc CC) 


185 


155 


100 






A Hmc (J/g) 


75 


60 


5 


0 




(g/cB 8 ) 


1.58 


1.58 


1.26 


1.51 










A Hmc 
<10J/g 

<1. SOg/cm 1 


77 • <500 





(* 1 ) GA = /U3'J F. LA = L-7?f-b\ 
[00683 [ggftffll ] (P- 1 ) £3mm 

TCtt&U ^Itia^2 3 0~2 4 0X:TXh7>-H 
«fcfl»aJU S^t-C^-y hU «X"t b (No. 1) 
fcfcfc. ZWOsvb (No. 1) £gtito&Hgfc:$tt 

u fflitias^2 3 sxrcwfj y (asti 1 

O'C) mzMtH (&A) EHbS-fr-CKOaiU a- 

;i/hVN ,| jyy*^^i>r i ;7*-A (Jl^i. 6m 

m. mmi. 6cm. g?»5cm, JSSRWK) £ 

iCfc'WfcLTlWfcS-fr. ®#o y K5rjfALT«g*|6lfc 
»2. 2 5ffiWttEl*l3-£, Rttl::. nS*@ft4 . 5 
cm. HSJt3»9cnu tfaPMSftl . 6cm, 1MB 



L, $^£iSE#*£ft#j£A-C*WL-£l 50V, 1 
[0069 3 [iaftW2] tf'Jv- (P-l > 

r, ^dv-(p-2) i ooM»t?ra»WkLr^* 

*y*is^)V79V-Y (DMEP) lfi*g?5:iE-& 

T, 1U-y b (No. 2) ^vb (N 

o. 2) $rfflv\ Hife#Jl tR&KLT. Btt7*o-8 



k 
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[0070] [mmm3]mmmi-mmuc^\yyh 
(No. i ) maummz$i&L. 2 3 sr^ns 
&x'G&vj v y&m (&£*•> 3 or) k&au mt 

-A 1. 6mm, fl-g&l . 6cm, #£$5 

cm, jksmk) z^ma&iiz. *?>*>y 

2. 2 5fgffif«|6l£-ti\ PJB^tC, IH^|^J4. 5 c 
m, Il&£$jft9cm, ^SWlftl. 6cm»l^K 
^lcra, ¥Jg#*lHM) <7)Xb/W2im&mX 
i«ffi#;Mc£97o-Jt#J2. STT'd-LT 

#X£lfci*&A/C, tfWI'SrI-Jl 5 0*C, 1 0 #'0^111 

[007 1] [H^J4] ^Uyb (No. l)fc#^. 
T, fltem-migU^l'-y h (No. 2) 

[0072] [jt«m ] mmmix-mmu^u-vb 

(No. 1) S\ ?HI1. 6cm, ^'J-f^yXO. 7 

6 0'ctii^jt^L.^*^, ^-yy^Sr, hsb 

*Hitt4. 5 cm, IffiK^cm. ISWl. 
6cm, tSPft$^lcm, ¥JK4>*E]ffitf>iK Wl^2 
o»|&S! (0Ht) ¥JK«*tf>f-*7L. H 

iSE#X £ £ SLUNK h ;H=J8» I , A 

nmzmRftcox vtvz&w ttz. '&t>titz#bM±. 
ftit\tz>mz%mix^mmz%'>tz. 

[0073] [JHRW2] ^l/'/h (No. 1 ) t#i 
T, HaS«2TTOHUfc^W-yh (No. 2) fcjfln. 



7*o-jS»aLK* 1 5 O'Ct Ucd fcUWi, it 

?t * h ;wi , h mizvm l x *mmz% tz . 

[0074] [lt«W 3] XV V-3W0! 3 TUfctfU 

7-(p-ci)^t. wmmcD®mi&mzft 1 9 

or fc Liz , HJSWI 1 b Plfttc l/C^ -v h 

(No. CI) S-pSLTt. C^U'/ h (No. C 

1 ) £Jflwc, WN-'jyy^a^iiAB#offiiiiaS$r 
#1 9 0°C, ®ff7o-^£;ft6 0rt L£££l$ 

mmrni tmmizixmw7 r n-®m%tz. %t> 
titzmm^'o-^mt. mmx-h^z. 

[0075] [Jt«0fl4] tf'JV- (P-l ) izmt 
*C, ^ , Jv-PS3CT4-C#^ , ;-7- (P-C2) Srffl 
VVC^U-y b (No. C2) £f£S8U ClcO^Uyh 

(No. C2) zm^tz&i&Kft. immitnmiz 

LTffaj7*o-jS»*K*fc#. '-K'J-7- (P-C2) 
O^BlfejK^**^3 0 0 P a • s iff ^fu-m&i 

[0076] [tt*«5 ] tfyv-HRWSTttfcjKy 
-7- (P-C3) £fflWC, ffffll$Offll|ga££tt2 0 
orfcLfcj&fctt*. H^JltPl^cLT^U'yh 
(No. C3) SrPSLfc. ZcO^Uyb (No. C 

3) £fflwc, *JgA-«jyy^a/\jiAB$cog}iiag5- 

ift2 0 0°C. *-yt-7*'j7*- A05afl*»7Ot:fcK 

»£ft*U:. U»U ^>ja-;H8/?U8 («*it5 

0:50) m^m^%hfitz^wr^-^\i. m 

[0077] 
[*2] 
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[0079] 

K«osafa^K»^xy(u^-tt**L, turn 
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